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EXECUTIVE SUMMARY

~ PURPOSE

This report compares the health and safety impacts of a Civilian Radioactive Waste Management
System (CRWMS) that uses the Multi-purpose Canister (MPC) with three altemative systems.
The other alternative systems being evaluated are the reference scenario, a dual purpose cask
system: the Transportable Storage Cask (TSC) system, and a multi-purpose cask system: the

Multi-purpose Unit (MPU) system.

This report is intended to provide information to support the relative comparison of the MPC
system and alternative systems. Health and safety estimates are as accurate as current
information permits, and, where uncertainties limit the accuracy of estimates, conservative
assummiptions were made. The same level of conservatism is used for facilities and transportation.

METHCODOLOGY

Impacts to public and to occupational health and safeiy are evaluated. Radiological and non-
radiological impacts caused by routine (day-to-day) activities and incidents (accidents) are
included. Radiological impacts are measured by the radiological exposure received by persons
and non-radiological impacts are measured by fatalities, injuries, and the emission of non-
radioactive toxic materials. Health and safety impacts at facilities and during transportation are
evaluated separately. Facilities include utility and other spent nuclear fuel (SNF) storage sites
(called utilities herein), the Monitored Retrievable Storage (MRS) facility, the cask maintenance
facility (CMF), and the Mined Geologic Disposal System (MGDS). Systems were evaluated both
with and without an MRS. Health and safety impacts at the utilities, the MRS, and the MGDS
are computed from impacts caused by handling spent nuclear fuel (SNF) and SNF casks. The
MGDS also includes impacts caused by the handling of vitrified high level waste (HLW)
canisters and waste packages. Impacts associated with the CMF result from routine maintenance
of contaminated casks. Transportation impacts result from shipping of both loaded and unloaded
SNF casks between facilities.

Health and safety impacts are addressed in four areas:

Radiological Routine Exposures - Includes radiation exposure during routine facility
operations and during transportation.

Radiological Incident Exposures - Includes radiation exposure from incidents involving
SNF fuel, HLW, and cask/canister handling, and
from transportation incidents.

Non-Radiological Routine Impacts - Includes routine non-radioactive toxic effluents from
facilities and during transportation.

Non-Radiological Incident Impacts - Includes non-radiation-related incidents at facilities
and during transportation.



‘SUMMARY

Table ES-1 illustrates the total system health and safety impacts for both radiological exposure
and non-radiological impacts caused by routine activities and incidents. Note that all health and
safety impacts are about the same for any of the four alternative systems with the exception of
at-facility routine radiological exposures. Routine radiological exposures result in 99.6% of all

exposures, with incidents contributing to about 0.4% for any of the alternative systems.

Table ES-1. Total System Health and Safety Impacts

Area

Routine (person-rem)
« Facilities

} » Transportation®

| System Impact i

(total program)

! Radiological
} . Facilities®

Non-Radiological
Routine (emissions)

« Facilities™
« Transportation**

Incident (person-rem) 7

.1 tons

.1 tons

.1 tons

12,290 tons

Non-Radiological

Incidents (injuries

and fatalities)

« Facilities
injuries
fatalities

» Transportation®
‘ injuries
fatalities

Notes: a) Values shown include all truck, rail, barge, and heavy-haul.
b) Systems approximately the same; within regulatory limits.
¢) Includes particulates, sulphur and nitrogen oxides. and hydrocarbon vapors that are toxic or potential
carcinogens.

Effectively all of the facility radiological exposures are incurred by workers in the nuclear/waste

management industries.

As can be seen in Table ES-1, the at-facility routine radiological




exposures are approximatel& 35% higher for the MPC system than for the reference scenario.
These higher exposures are caused primarily by the MPC welding operations at the utilities .and
at the MRS. Welding associated operations at these facilities alone contribute to about 85%

~ (12,600 person-rem) of the difference between the MPC system and reference scenario exposures.

Table ES-2 illustrates how routine radiological exposures are disiributed among the facilities and
transportation. The radiological exposures at the utilities are significantly higher for the MPC
system than for the reference scenario (26,000 versus 13,000 person-rem). This is dominated by
the welding operations that contribute 11,500 of the person-rem difference. Though not as
significant, welding operations at the MRS (1,100 person-rem) have a large impact on the higher
MPC system exposures. The dominant impact of a single operation, welding, suggests that the
use of automated canister sealing operations or other techniques could significantly lower the
MPC and MPU system exposures to be effectively equivalent to those of the reference system.

l Table ES-2. Total System Radiological Routine Impacts

(person-rem)

25,660

8.200 6,140 7,420 10,700

160 140 60 60
20610 22,990 20,550 20,550 |
42,080 43,820 53,920 56,980 I
|

770 770 770 770

680 680 680 680

1,450 1,450 1,450 1,450
58,430 |

The MGDS exposures caused by the MPU and MPC systems are lower than those caused by the
reference scenario and the TSC system. This reduction is a result of additional shielding
provided by the canisters during waste package sealing. Because of an additional bolted lid that
must be removed while unloading a TSC, the TSC system produces higher exposures at the
MGDS than does the reference scenario. The CMF exposures are small for all systems.
Transportation exposures are equal for all systems. Public exposure is the same for all systems
and makes up less than 2% of the total system exposure.

Health and safety changes with no MRS in any of the alternative systems were also evaluated.
Table ES-3 contains the estimated health and safety values with an MRS, and with no MRS.



Table ES-3. With-MRS/No-MRS Total System Heaith and Safety Impacts
(total program)

Radiological
Routine (person-rem)

« Facilities
« Transportation*

Radiological
Incident (person-rem)
. Facilities®

42,080/40,150 43,820/37,510 53,920/50,700 56,980/50,860
1,450/1,430 1.450/1,430 1,450/1,430 1,450/1,430

0.1 0.08 0.04 0.04
430/410 430/410 430/410 430/410

Routine (emissions)
4 + FEacilities™

1. Transportation™
Non-Radiological

Incidents (injuries

and fatalities)

.1 tons .1 tons .1 tons
12.290/9,440 tons 12.290/9,440 tons | 12,290/9,440 tons 12,290/9,440 tons J

» Facilites
injuries 470 470 470 470
fatalities 4 4 4 4

« Transportation®
injuries 132/90 13290 13290 132/90
fatalities 30/22 30/22 3022 30/22
s — e

Notes: a) Values shown include all truck, rail, barge, and heavy-haul.
b) Systems approximately the same; within regulatory hmits. ;
¢) Includes particulates, sulphur and nitrogen oxides, and hydrocarbon vapors that are toxic or potential
carcinogens.

With no MRS there is more storage at some utilities, followed by shipment to a MGDS. With
no MRS there were 5% less routine radiological exposures at facilities for the reference scenario
as compared to the systems with an MRS. Without an MRS in the TSC system, its facility
routine exposures were less than the exposures of the Reference scenario with no MRS, and the
Jowest of all of the alternatives. With no MRS the MPC system routine exposures were 15%
less than the exposures of an MPC system with an MRS. The facility radiological incident
exposures, nonradiological emissions, injuries and fatalities did not change significantly whether
with an MRS or with no MRS. Transportation routine €xposures were 5% lower for all
alternatives with no MRS, compared to systems with an MRS. Transportation had 23% less




nonradiological emission, 25% fewer fatalities, and 32% fewer injuries with no MRS, compared
to the systems with an MRS.

~ CONCLUSIONS

Table ES-1 shows that all health and safety impacts are effectively equivalent for any of the four
alternative systems with the exception of routine radiological exposures at facilities. Effectively
all of the facility radiological exposures are incurred by workers in the nuclear waste
management industries.

As can be seen in Table ES-1, the total routine radiological exposures at facilities are 35% higher
for the MPC system than for the reference scenario (57,000 versus 42,000 person-rem). These
higher exposures are dominated by the MPC welding operations at the utilities and at the MRS.
Welding operations at these facilities alone contribute about 85% (12,600 person-rem) of the
difference between the MPC and reference scenario exposures. Total exposures are small relative
to expected background radiation exposures (e.g., natural sources, medical uses, radon, etc.) to
the U.S. population of 3.5 billion person-rem over the same pericd of time as the CRWMS

program.

Table ES-2 shows that the radiological exposuzes at the utilities are almost 2 times higher for the
MPC system than for the reference technology (25,700 versus 13,100 person-rem). The MPC
at-utility exposures again are dominated by welding operations that contribute to 70% (11,500
out of 13,000) of the person-rem difference.

The majority of the increased exposure caused by the MPC system is related to one operation:
canister welding. The reference system, on the other hand, is not dominated by a single source
or activity so there is no specific opportunity for significant exposure reduction. This strongly
suggests that the application of automated canister sealing operations or other techniques could
significantly lower the MPC system exposures to be effectively equivalent to those of the
reference scenario.

Table ES-3 indicates that with no MRS the evaluated system health and safety impacts will
decrease or remain the same for all of the alternative systems. The magnitude of the results for
the systems without an MRS are similar to those with an MRS (e.g., for MPC system; 56,970
person-rem with an MRS and 50,860 person-rem with no MRS.) The MPC facility health and
safety impacts for systems with no MRS are higher than for the reference scenario with no MRS.
In addition, the MPC facility health and safety impacts for systems with an MRS are higher than
for the reference scenario with an MRS.

This report estimates the impacts to health and safety associated with operations and procedures
as they are currently defined on the basis of nuclear power industry technology demonstrations,
current practice, and estimation procedures as described in Appendix A. The development and
use of as low as is reasonably achievable (ALARA) techniques can reduce the estimated health
and safety impacts in all areas for all alternative systems. Financial costs, schedule impact, and
public acceptance should be considered in final decisions determining where and when ALARA
techniques are implemented.
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1. INTRODUCTION

11 BACKGROUND

The Office of the Civilian Radioactive Waste Management (OCRWM) of the U.S. Department
of Energy is developing a Multi-purpose Canister (MPC) system. The MPC system relies on the
use of a clean, sealed metal canister for all Civilian Radioactive Waste Management System
(CRWMS) operations including storage, transportation, and disposal. The MPC system is being
developed as an altemative to systems relying on a single purpose cask design. Other alternatives
being evaluated are a dual purpose cask system: the Transportable Storage Cask (TSC) system,
and a multi-purpose cask system: the Multi-purpose Unit (MPU) system.

As a result of the initial findings in the study "A Preliminary Evaluation of Using Multi-purpose
Canisters within the Civilian Radioactive Waste Management System,” (Reference 58) the
CRWMS Management and Operating (M&O) contractor was directed to evaluate the MPC
system design against the reference scenario for other alternatives. This information is provided
to OCRWM for use regarding the development of an MPC system.

12 OBJECTIVE

The objective of this report is to determine and compare the health and safety impacts caused by
the reference scenario, the MPC, the TSC, and the MPU alternative systems. The results provide
information for use in the continuing development of the MPC system.

1.3 SCOPE

This report provides information to support the relative comparison of the MPC system and
alternative systems. Health and safety estimates are as accurate as cusrent information permits,
and, where uncertainties limit the accuracy, conservative assumptions have been made.

Health and safety impacts evaluated include both radiological and non-radiological impacts on
the public and occupational workers within the CRWMS. Radiological impacts are measured by
the radiological exposure received by persons and non-radiological impacts are measured by
injuries, fatalities, and the emission of toxic materials. Impacts caused by both routine (day-to-
day) activities and incidents (accidents) are considered. Total health and safety impacts are
computed by combining logistics data with impacts associated with processing spent nuclear fuel
(SNF) and high level waste (HLW). Four CRWMS systems are evaluated for their health and
safety impacts: the reference scenario, the MPC system, the TSC system, and the MPU system.
The reference scenario and MPC systems are defined in the report "Concept of Operations for
the Multi-purpose Canister System," (Reference 55). The TSC and MPU systems are defined in
the report "Evaluation of Altemnative Cask/canister Systems," (Reference 65). Logistics data are
in the report "Operational Throughput for the Multi-purpose Canister System,"” (Reference 57).
Health and safety impacts are evaluated for systems with and without a monitored retrieval

storage facility (MRS).
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1.4 QUALITY ASSURANCE

—~,
A QAP-2 analysis has determined that this activity is not quality affecting. The analysis is -
documented in the Reference 61.

-~
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2. APPROACH

Health and safety impacts are evaluated for four alternative systems: the reference scenario, the

' MPC system, the TSC system, and the MPU system. Each system is responsible for managing

SNF from the utility storage pool to final emplacement and the processing of HLW from the time
it is delivered to the repository throngh emplacement. Both public and occupational health and
safety impacts are considered. Radiological and non-radiological impacts caused by routine (day-
to-day) activities and incidents (accidents) are included. Radiological impacts are measured by
the radiological exposure received by persons and non-radiological impacts are measured by
injuries, fatalities, and the emission of toxic materials.

Health and safety impacts at the utility storage sites, the Monitored Retrievable Storage WMRS)
facility, and the Mined Geologic Disposal System (MGDS) are computed from impacts caused
by haridling SNF and SNF casks. The MGDS also includes impacts caused by HLW and waste
package handling. Transportation impacts result from the shipping of both loaded and unloaded
SNF casks between facilities. Impacts associated with the cask maintenance facility (CMF) result
from routine maintenance of contaminated casks. Systems with and without an MRS are

evaluated.
Health and safety impacts are addressed in four areas:

« Radiological Routine Exposures - Includes radiation exposure during routine
facility operations and during transportation.

« Radiological Incident Exposures - Includes radiation exposure from incidents
involving SNF fuel, HLW, and cask/canister
handling, and from transportation incidents.

« Non-Radiological Routine Impacts -  Includes routine non-radioactive toxic effluents
from facilities and during transportation.

« Non-Radiological Incident Impacts -  Includes non-radiation related accidents at
facilities and during transportation.

Results are compared within each impact area and in the aggregate.

This report evaluates the impacts to health and safety associated with operations and procedures
as they are currently defined on the basis of technology demonstrations, current practice, and
nuclear power industry procedures for Nuclear Regulatory Commission (NRC) license application
as described in Appendix A. The routine exposure estimates are conservative by about 10 times
both for the facilities and for transportation. The development and use of as low as is
reasonably achicvable (ALARA) techniques can reduce the estimated health and safety impacts
in all areas for all alternative systems. Measurements at a utility for operational use of multi-
element storage containers (MESCs) has shown that as low as 10% of the estimates could be
achieved. Financial costs, schedule impact, and public acceptance should be considered in final
decisions determining where and when ALARA techniques are implemented.

2-1



2.1 METHODOLOGY

Radiological and non-radiological health and safety impacts caused by both routine activities and
incidents are evalvated. All radiological impacts are measured by the radiological exposure
" received by persons and all non-radiological impacts are measured by injuries, fatalities, and
emission of toxic materials. Health and safety impacts caused by activities at the CRWMS
facilities and those caused by transportation are addressed separately.

2.1.1 Facility Health and Safety Impacts

Health and safety impacts are determined for the utility storage sites, the MRS, the CMF, and
the MGDS. Facility health and safety impacts to occupational workers are computed only for
the time the workers spend within a facility. Occupational workers are defined as all badged
employees including subcontractors, temporary employees, and suppliers. The public will incur
health and safety impacts from facility operations only when outside the facility, taking VIP tours
within a facility, or at facility visitor centers.

Radiological exposures caused by routine activities within a facility are computed based on inputs
from the CRWMS design organizations. This information includes the type of operations
performed at each facility, the radiological exposures per operation, the number of workers
required, and the total number of operations. Radiological exposures caused by incidents at a
facility are based on the number of fuel and cask handlings coupled with the probability of events
and potential radiological releases. High Jevel waste (HLW) was considered, from its arrival at
the facility entrance control point.

Non-radiological impacts at each facility include injuries, fatalities, and the emission of toxic
materials. Injuries and fatalities are computed by combining the man-years worked at all
facilities with data for industrial accidents.

2.1.2 Transportation Health and Safety Impacts

Transportation health and safety impacts are computed for the shipment of both loaded and
unloaded SNF casks. Truck, rail, barge, and heavy-haul modes of transportation are included.

Radiological exposures caused by routine activities or by incidents during transportation are
evaluated using the RADTRAN 4 computer code (Reference 48). The INTERLINE (Reference
29) and HIGHWAY (Reference 30) transportation routing codes are used to compute the
demographic characteristics of each route. These include the distances, the population densities,
and the portions that are rural, suburban, or urban. These values are computed using the 1990
block-census data. Transportation of HLW was outside the scope of this analysis. ‘

Non-radiological irnpacts caused by routine transportation are cvaluated based on the projected
emissions from the vehicles used. See "An Assessment of the Safety of Spent Nuclear Fuel
Transportation in Urban Environments,” (Reference 43). Emission estimates assume that
-pollution control technologies and engine efficiencies remain fixed at 1982 levels. Non-
radiological impacts caused by incidents are computed from shipment miles combined with
transportation accident data.

22




2.2 ASSUMPTIONS

The system parameters and assumptiions used for the reference scenario and the MPC system are
defined in the report "Concept of Operations for the Multi-Purpose Canister System report,”
" (Reference 55). Assumptions for the TSC and MPU systems are contained in the study
"Evaluarion of Alternative Cask/Canister Systems," (Reference 65). Throughput assumptions for
SNF and SNF casks/canisters are taken from the report "Operational Throughput for the Multi-
purpose Canister System," (Reference 57).

The radiation exposure inputs developed by the design organizations can be found in Appendix
A, Facility Routine Radiation Exposures. The transportation mode characteristics used with
RADTRAN 4 are those of the expected CRWMS operating practices, listed in Appendix B. Fuel
characteristics assumptions and lists of related isotopes are included in Appendix C. Inforrnation
about the MGDS are in Appendix D. Remaining assumptions are stated in the individual sections

of the Teport.
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3.1.2 Routine Exposures 'at the MRS

Table 3-3 shows the exposures incurred at the MRS for each of the alternative systems. The
exposures from the TSC and MPU systems are lower than those from either the reference
scenario or the MPC. This is because the reference scenario requires more cask loadings and -
unloadings and the MPC requires overpack exchanges. The MPC system exposares are higher
than the reference scenario because of MPC welding and an increased number of storage
operations, caused by the smaller MPC storage capacities relative to reference scenario storage
casks, as well as overpack exchanges.

Table 3-3. MRS Radiological Routine Exposures

(person-rem)
N S S
Single Purpose | Dual Purpose | Multi-purpose Mulii-purpose
Cask System Cask System Cask System Canister System |
(Reference) (TSC) MPU) mmPC) :
< — V . |
Truck casks 2,590 2,590 2,590 2,590 l
| Storage and rail casks | 4,860 2,930 4,210 7,490 |
Radicactive waste 750 620 620 620 |
Total 8,200 6,140 7,420 10,700 |

3.1.3 Routine Exposures at the CMF

Routine radiological exposure to occupational workers at the cask maintenance facility (CMF)
occurs during routine maintenance of contaminated casks. It is assumed that every cask in the
transportation cask fleet will return to the CMF for routine maintenance three times in a given
year. This is typically once per campaign. The cask fleet size is defined in the "Operational
Throughput for the Multi-Purpose Canister System," report (Reference 57). Exposures at the
CMF are estimated as 20 person-millirem for cleaning the inside and the outside of the TSCs and
the transportation casks associated with the reference scenario. A 5 person-millirem exposure
is expected for cleaning the transportation overpacks associated with the MPC system since they
transport clean sealed canisters. Total exposure at the CMF is 155 person-rem for the reference
scenario, 141 person-rem for the TSC system, 58 person-rem for the MPC system and 58 person-
rem for the MPU system. These exposures are relatively small.

3.1.4 Routine Exposures at the MGDS

Table 3-4 shows the routine exposures incurred at the MGDS. MGDS exposures include SNF
and HLW receipt, preparation in waste packages, emplacement, followed by the potential
retrieval, inspection, and re-emplacement of 10 waste packages per year, and the monitoring of
the waste packages. The activities are still largely to be defined.
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The reference scenario, MPU and MPC system exposures are lower than those caused by the
TSC systems. Because of an additional bolted lid that must be removed while unloading a TSC,
the TSC system produces higher exposures at the MGDS than does the reference scenario.

Table 3-4. MGDS Radiological Routine Exposures
(person-rem)

System
(MPU)

B e

390 390
20,810 18,380 18,380

730 730 730 |

860 860 860

facility waste

Retrieve, 200
inspect and

Exposures related to HLW are the same for all of the alternative systems. The Characteristics
Data Base shows that averaged over the fleet, a HLW canister has an average gamma flux rate
that is about one third of the flux from an average SNF assembly. Most exposure, to a first order
magnitude, is attributed to the closest assembly or canister. Until more detailed data is available,
it is assumed that the exposures to unload and handle a HLW shipment are one third of the
exposures for a truck SNF cask.

Exposures from HLW are about 4% of the total exposure incurred at the MGDS. This evaluation
assumes 4 HLW canisters per waste package. Handling of the HLW, including the loading of
waste packages, provides about 1% of the total CRWMS exposures.

Assuming a .01 person-millirem exposure per package per year, monitoring produces a negligible
fraction of the MGD'S totals. Retrieval, inspection, and re-emplacement of waste packages are
essentially undefined activities at this time but are expected to result in exposures of about 1%

of the total MGDS exposures.

Exposures for all MGDS operations have a higher degree of uncertainty than those at the utilities,
the MRS, or the CMF because many of tiie MGDS specific design and operation gecisions are
not as well developed.

34
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3.1.5 Routine Exposures to the Public

The routine radiological exposures of the public near facilities handling spent fuel are extremely
low. Public exposures result from the release of radioactive gases during facility operation, and

" visits by the public to the facilities. The routine exposures due to radioactive gas discharges

depend on the handling and storage technolegy selected, such as single-purpose cask, TSC, MPU
and MPC for the Single-Purpose, Dual-Purpose, and Multi-purpose Systems, respectively. In
contrast, the exposures to visitors depend on discretionary choices by individual members of the
public, for each visit.

3.1.5.1 Exposures Resulting From Releases of Radioactive Gases

Normal operations at spent fuel storage sites result in the occasional release of radivactive gases
into the atmosphere. Reference 54 assumes that radioactive gases are emitted during handling
of fuel assemblies in spent fuel storage peols, and in dry transfer celis. Conservatively, the gases
are assumed to be released in the proportions described in References 54 and 68. It is assumed
that no releases take place from sealed casks and canisters, except in severe incidents.

The action of handling a fuel assembly is assumed to cause a release of radicactive gases for a
susceptible fraction of the assemblies handled. This assumes that all fuel assemblies are handled
with care, in compliance with authorized procedures. An NRC estimate of the conservative,
design-basis gas fractions release from a ruptured fuel assembly is provided in Reference 68.
Less severe releases would follow less severe damage, i.e., the if only one fuel pin were vented
per incident, the estimate based on the NRC guide could be conservative by 100 to 200 times.
Information about the build-up and decay of radioactive gases in spent fuel pins are in Reference
69. The exposure, at the facility perimeter, per fuel assembly release for each facility type were
from Reference 54.

Public exposures were estimated for the people within a ten miles radius of the facilities, based
on 10 CFR Part 50 Appendix E which describes the emergency planning zones for radioactive
gas releases for nuclear power plants. The potential routine exposure to the public near each
facility are the product of the number of bare fuel assemblies handled at each type of facility,
multiplied by the probability of a release per handling, times the potential exposure per gas
release, times an average dilution rate as the gases reach the surrounding area, and finally
multiplied times the average population density within the 10 miles radius. '

A conservative dispersion dilution trend for surface releases was obtained from Reference 68.
Reference 54 assumes a probability that 2.5 x 10 multiplied times the number of fuel assemblies
handled may vent radioactive gases. The mumbers of bare spent fuel assemblies handled and
probably vented at the facilities are shown in Table 3-5. '
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Table 3-5. Bare Fuel Assemblies Handled/Vented at Each Facility Type

Single-Purpose D Multi-purpose
System (Reference) | System (TSCO) Systems (MPC and
MPU)
364,770/91 308,210/77 308,210/77 §
121,970/30 31,500/8 31,500/8 §
298,310/75 298,310/75
- ==========u==-ﬂ===-==-=

The radioactive gases released from vented spent fuel assemblies have long half-lives and are
dispersed in the air. The offsite dose consequences associated with the venting of all of the fuel
rods of one spent fuel assembly (PWR) are shown in Tables 3-6 and 3-7, assuming a site
boundary distance of 800 meters, and an atmospheric dispersion factor per Reference 68, NRC
Regulatory Guide 1.25. Table 3-7 applies to the program life cycle. The assumed release
fractions, type of spent fuel (PWR) and dispersion factors are conservative.

Table 3-6. Maximum Individual Site Boundary Doses per Single (PWR) Fuel Assembly
(based on 800 meters to site boundary, References 54 and 68)

Vented in Dry Environment 1.00
Vented in Pool

Table 3-7. Maximum Individual Estimated Doses from All Bare Fuel Assemblies Events

(micro-rems)
IM
{ Facility Type Single-Purpose Dual-Purpose | Multi-purpose

System System (TSC) | Systems (MPC
(Reference) and MPU)

Spent Fuel Pool (all transfers) 9.1 7.9 7.‘7}

MRS Facility (transfer-cell) 30 8 8J

MGDS (transfer-cell) 75 75 2

10 CFR Part 72 will be complied with. Exposure at each utilities, MRS and MGDS boundaries
will be less than 25 millirem per year (25,000 micro-rem/year). 40 CFR Part 61 will also be
complied with, which requires that exposure from normal operation airborne emissions from each
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facility to any member of the public must be less than 10 millirem per year (10,000 micro-
rem/year).

Public exposures were estimated for each facility type by integrating the dose as a function of
" distance (assuming the wind dispersion factors of Reference 68) over the population within radial -
distances from 2500 feet of the spent fuel location, out to a distance of 10 miles to obtain the
population doses shown in Table 3-7. The average population density within 10 miles radius of
the utility controlled atea is estimated as 170 people per square mile, and conservatively assumed
to be uniformly distributed. The population density was estimated from data in Reference 70.
For 2 Western MRS facility in a rural area, in the vicinity of a route that can be used for
transporting spent fuel, typical population densities were estimated by using the HIGHWAY and
INTERLINE computer codes. The population data are 1990 block level census data. West of the
Mississippi River and East of the states of California, Oregon, and Washington, an average
population density about 5 people per square mile is representative. About 3 person per square
mile riear an MGDS in a Western remote rural area is plausible, assuming that the conditions
near Yucca Mountain, NV are representative.

Table 3-8. Estimated Population Dose During the Life of the Program
(Bare Fuel Assemblies Vented When Handled at Each Facility Type)
(units are person-millirem)

—
Single Purpose | Dual-Purpose Multi-purpose
System System (TSC) Systems (MPC

Facility Type

(Reference) and MPU)
Spent Fuel Pool 34 2.87 2.87
MRS Facility 0.33 0.09 0.09
MGDS 0.49 0.49

e

3.45

422

—

¥ Program total, person-rems*
totals are rounded.

3.1.5.2 Exposures Resulting From Public Visits

The program architecture includes visitor centers at the MRS facility and the MGDS. An estimate
was prepared to illustrate the magnitudes of possible exposures to visitors at the facilities. The
visitors are assumed to receive less than 1 mrem per person (equivalent to an exposure during
a jet aircraft trip of 2500 miles), assuming one 6-hour visit per person. The tourist visitor rate
is assumed to be 3 people per day. Therefore, the total for all tourists is less than 1 person-
rem/yeas. Very Important People (VIP, e.g., stakeholders) visitors may be offered more extensive
tours with exposures equivalent roughly to a “medical chest x-ray" (50 mrem). Doses to 10 VIPs
per year can total about 0.5 person-rem/year. The total for visitors is roughly (1+0.5) x 40 = 60
person-rems during 40 years of MGDS operation, and about 45 person-rems at the MRS facility



during approximately 30 yéars of operation. There is no comparable plan for waste disposal
related visitor centers at the utility spent fuel storage areas.

~ 3.153 Summary of Rouﬁne Public Exposures

The primary exposure of the public at the facilities may be primarily from routine visits by the
public, including stakeholders and VIPs, (about 105 person-rems) rather than from facility
radioactive gas emissions (3.0 to 4.3 person-rems).

3.2 RADIOLOGICAL INCIDENT EXPOSURES

Unplanned contact or "bumping” during the lift-handling (lift and movement) of casks, canisters,
or fuel assemblies is the key factor associated with incident exposure. Lift-handling combines
a significant possibility of an incident, with gravitational potential or speed sufficient to cause
personnel injuries and/or radiological release.

A comprehensive review of NRC reports was undertaken to determine the observed rate of lift-
handling events, see References 12, 13, 15, and 17 through 28. Other pertinent technical reports
(References 5, 29, 33, 34, 36, 37 and 54) were also reviewed. Lift-handling incidents within a
wansfer facility were reported to have a probability of 10*. For incidents that occur within
design conditions, the probability of radiological release is less than 10 for each incident. All
crane operations and all on-site movements of casks, canisters, and SNF are assumed to be well
within design limitations. Therefore, the cumulative probability of lift-handling incidents causing
radiological release is less than 10 per operation, see Reference 55.

32.1 Radiological Exposures from SNF Handling Incidents

It is assumed that only lift-handlings can create an environment that can result in the damage to
fuel assemblies and the possible release of radioactive material. Other types of handlings are not
included in this evaluation.

A total of about 298,000 SNF assemblies, containing 86,000 MTU, are projected to be discharged
from reactors over the lifetime of the program.

3.2.1.1 Incidents from SNF Handlings in the Reference Scenario

For the reference scenario all fuel assemblies at the utilities are lift-handled at least once when
loading transportation or storage casks. Assemblies loaded into dry storage (about 10%) must
be lift-handled two more times: once for unloading the assembly from the dry storage cask and
again for reloading it into the transportation cask. Because not all assemblies will pass through
the MRS, thirty percent of the SNF assemblies are lift-handled at the MRS for storage and
repackaging. All fuel assemblies are lift-handled at least once at the MGDS to load the waste
packages. There are about 2.5 lift-handlings for every fuel assembly. Approximately 74 fuel
assemblies may fall or be bumped, combined for the activity at the utiliies, MRS and MGDS.
See Reference 6.
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3.2.1.2 Incidents from SNF Handlings in the TSC System

For the TSC system all fuel assemblies are lift-handled at least once to load TSCs at the utilities.
Fuel assemblies loaded into truck casks (about 10%) require one more lift-handling at the MRS.

" All fuel assemblies are lift-handled at least once at the MGDS to load waste packages. There

are approximately 2.1 lift-handlings for each fuel assembly. Approximately 62 fuel assemblies,
combined for the activity at the utilities, MRS and MGDS, may fall or be bumped.

32.1.3 Incidents from SNF Handlings in the MPC and MPU Systems

For the MPC and MPU systems all fuel assemblies are lift-handled at least once to load the MPC
or MPU at the utilities. Fuel assemblies loaded into truck casks (about 10%) require one more
lift-handling at the MRS. A few fuel assemblies (0.5%) are lift-handled one more time at the
MGDS to load waste packages. There are approximately 1.1 lift-handlings for each fuel assembly.
Approximately 33 fuel assemblies, combined for the activity at the uiiliies, MRS and MGDS,
may fall or be bumped.

3.2.1.4 Expected Exposures from SNF Handling Incidents

If a gas release from a single spent fuel assembly occurs following a lift-handling incident, the
site boundary exposure, i.e., diluted over the facility, is expected to be no more than 10 rem at
an MRS .or MGDS. See Reference 55, "Monitored Retrieval Storage (MRS) Conceptual Design
Report," May 1, 1992, Volume IL, Book II. Particles would be trapped by the High Efficiency
Particle (HEPA) filters. Personnel are assumed to be uniformly distributed, in the absence of
specific information about site layouts relative to the average wind direction and so forth.

Based on the expected number of lift-handling incidents, the cumulative rem are about 3.3 x 10°°
for the MPU and MPC systems, about 6.2 x 10 5 for the TSC system, and about 7.4 x 10 S for
the reference scenario. These exposures are within the 5 rem exposure limit for accidents stated
in 10CFR72. The total person-rems on-site are estimated from the release and the population
data. Assuming that the MRS with the CMF have 750 full time equivalent (FTE) staff, the
MGDS has about 500 in the surface facility (see Section 3.4 of this report), and about 50 FTE
at utilities, the occupational incident person-Tem €xposures of the program are about 0.043 for
the MPU and MPC systems, 0.081 for the TSC system, and 0.10 for the reference scenario.

As a result of the decreased number of fuel assembly handlings in the MPU and MPC systems,
radiological incident impacts as a result of fuel assembly handlings are lower for the MPU and
MPC systems relative to the TSC system and reference scenario. The expected incident
expesures for all of the systems are below regulatory limits and practically equivalent.

3.2.2 Radiological Impacts from Cask Handling Incidents
It is assumed that only‘ ﬁft-handlings of casks can create an environment that can result in the
damage to a cask and the possible release of radioactive material. Other types of cask handlings

are not included in this evaluation. Because the facility handling equipment and procedures are
the same, the handling incident severities are expected to be equivalent for the alternatives. Cask
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handling incidents and resulting health and safety impacts are evaluated for the MPC system as
an illustrative example.

- 322.1 Expected Cask Handling Incidents

As a result of the canister overpack transfer operations, the MPC system requires the maximum
number of cask/canister handlings. MPC lift-handling operations include placing the MPC into
an overpack as well as lifting the MPC alone.

All MPCs, approximately 10,000, that originate at the utilities are lift-handled at least twice for
loading. MPCs loaded at facilities limited by a 100-ton crane capacity (16%) require a transfer
cask and are lift-handled one additional time. About 40% of the MPCs are loaded into dry
storage and must be lift-handled once from the transfer cask into dry storage and once from dry
storage into a transportation cask. MPCs that flow into MRS storage from the utilities (15%) are
lift-handled four additional times: MPC cask from rail car into transfer facility, MPC from
transport cask to storage mode, and the reverse steps. Approximately 1000 MPCs originating at
the MRS, due to loading SNF from truck casks, require 1.5 lift-handlings each. All MPCs are
lift handled four times at the MGDS: MPC cask from rail car to surface facility, MPC from
wansfer cask to disposal container, MPC disposal container from facility to transporter, and MPC
transporter to emplacement position in a drift.

Thus, there are about 7.5 lift-handlings pex MPC loaded at the utility sites, 5.5 lift-handlings per
MPC loaded at the MRS, and 4 lift-handlings per MPC at the MGDS. This is about 150,000 total
cask/canister lift-handlings. With crane reliability of about 10 incidents per hour, and about 0.2
hours per handling, then 3 casks or canisters may fall or be bumped, for the combined locations.

3.22.2 Expected Exposures from Cask Handlings Incidents

Since the probability of radioactive release from an incident that occurs within design
specification is less than 103 and exposures from a cask handling incident are estimated to be 10°¢
person-rems, (Reference 55) exposure caused by the lift-handling of SNF casks and canisters is
expected to be in the range 10° to 10?, (ie., near zero).

Canisters of vitrified HLW will also be handled at the MGDS. The total number of HLW
canister packages is estimated to be on the same order as the number of MPC waste packages.
HLW canisters have an improved incident responsc over SNF canisters. We therefore expect
radiological releases involving HLW incidents to be less than those involving SNF.

It is estimated that all cask/canister handling incidents result in negligible exposure for all of the
systems.

3.3 NON-RADIOLOGICAL RCUTINE IMPACTS

Non-radiological irnpacts are measured by injuries, fatalities, and the emission of toxic materials.
Both routine activities and incidents may cause non-radiological impacts to both the public and

occupational workers.
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3.3.1 Routine Non-Radiological Impacts to CRWMS Occupational Workers

Non-radiological routine impacts such as noise, dust, and on-site engine exhaust pollution are

" assumed to affect only occupational workers and to be within regulatory limits for all of the

systems.
3.32 Routine Non-Radiological Impacts to the Public

Non-radiological routine impacts to public health and safety are caused by non-radioactive
effluents routinely released from a facility. All effluents produced at facilities are assumed to
be within regulatory limits at the boundaries of each facility. Based on an estimated order of
magnitude 5 pounds per year release of airbome particulates and other potentially toxic or
carcinogenic emissions (SOx, NOy and hydrocarbons), facilities prime-movers used for movement
of on-ite loaded and unloaded cask and canisters will produce about 0.1 tons of such emissions
for a 40-year program based on the data of Reference 43. These emissions will be essentially

equal for all alternative systems because the facilities to be cperated will be very similar.

3.4 NON-RADIOLOGICAL INCIDENT IMPACTS

Industrial accidents pose a non-radiological impact to the health and safety of occupational
workers. The accident rate for the nuclear power industry in 1992 was about 0.38 per 100,000
manhours. See Reference 38, "Power Engineering Journal," June 1993. Since there were no
fatalities Teported in that year, the statistics indicate the injuries, and a lower-bound statistical
limit on the probability of a fatality at less than 1 per 100,000 hours. Since the number of
manhours are comparable for all systems, non-radiological incident impacts for facilities are
essentially the same for all of the systems.

For a combined MRS and CMF facility consisting of 750 full time equivalent (FTE) employees,
Reference 57, we expect about 5.7 accidents per year, for a total of 165 for an MRS 29-year
period of operation. For an MGDS facility consisting of about 500 FTEs for the surface
facilities, and about 500 for all underground operations, we expect about 7.6 industrial accidents
per year at the same accident rate, Reference 38, for a total of 304 for a 40 year program. The
total facility accidents for the MRS, CMF, and MGDS are therefore estimated to be about 469.
Fatalities are computed using an on-the-job fatality rate of 0.03 fatalities per 1,000,000 hours
worked, based on an average across all U.S. industries (Reference 67). The fatalities total
roughly 4 for the lifetime of the program, for any of the systems.

3.5 FACILITY HEALTH AND SAFETY IMPACTS FORNO MRS (DIRECT SHIPMENT)

With no MRS, the direct shipment of SNF to the MGDS, without an MRS in the system, has
little impact on the overall facility health and safety impacts as shown by the pairs of values
with-MRS/no-MRS in Tables 3-9. Most of the activities formerly carried on at the MRS, and
the exposures, are shifted to the utilities as shown in Table 3-10. Changes in the transportation
exposures and nonradiological risks, are described in section 4.6.
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Table 3-9. With-MRS/No-MRS Facility Health and Safety Impacts
(total program)

1 System Impact
Area

7 Routine (person-rem)
» Facilities

Radiological
Incident (person-rem)

43,820/37,510 §3,920/50,700 56.980/50,860

0.08/0.08 0.04/0.04

Non-Radiological
‘1 Routine (emissions)
¥« Facilities*®
Non-Radiological
Incidents (injuries and
fatalities)

- Facilities
injuries
fatalities

1/.1 tons .1/.1 tons

470/470
444

470470
4/4

470/470 470/470
a4 444

Notes: a) Systems approximately the same; within regulatory limits.
b) Particulates, sulphur, nitrogen oxides, and hydrocarbon vapors that are toxic or potential carcinogens.

Table 3-10. No MRS (Direct Shipment ) Facility Health and Safety Routine Impacts

(person-rem)
“mw
Dual Purpose Multi-purpose
Cask System Canister System
(TS5C)
12,720
140 60 60
24,650 21,700 22,530

=

“ 40,150 l 37510 50.700 50.860
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4. TRANSPORTATION HEALTH AND SAFETY IMPACTS

The most visible public health and safety effect will result from transportation. The four
alternative systems, the reference scenario, and TSC, MPU, and MPC systems, assume the same

" transportation modal splits and effectively the same transportation cask capacities. As a result the

transportation health and safety impacts are the same for all of the alternative systems. This
chapter presents a single set of health and safety impacts that are applicable to any of the
alternative systems.

It is assumed that 63,000 MTU of SNF are shipped through a generic western MRS to a first
MGDS. For the purpose of this evaluation, the first MGDS is assumed to be located at Yucca
Mountain, NV. An additional 23,000 MTU will be shipped directly to a generic western MGDS.
Health and safety impacts during vitrified HLW transportation to the MGDSs are the same for
all systems and are not evaluated here.

For each SNF storage site, the mode of transportation selected (truck, rail, barge, and heavy-haul)
and travel distances are based on References 56 and 60. The capacities of PWR and BWR fuel
casks are obtained from References 56 and 59.

Using these data the cask-miles traveled from each site are estimated. Radiological exposure
impacts are estimated using U.S. Department of Transportation (DOT) data, the RADTRAN
transportation radiation exposure code, and population densities along the routes. Any benefits
caused by safety measures, such as the use of police or security escorts for trucks traveling in
high population density areas, are excluded from the estimates.

Radiological routine and incident exposures for transportation shipments are estimated by using
the RADTRAN 4 computer code, Reference 49. The transportation characteristics are based on
the expected CRWMS operating practices, which are listed in Appendix B. INTERLINE
(Reference 31) and HIGHWAY (Reference 32) transportation routing codes, using 1990 Census
data, compute population densities along each route and the fraction of each route that is rural,
suburban, or urban. These values are used in the RADTRAN estimates. The rail, barge, and
heavy-haul routes follow commercial practces.

All truck trips are assumed to be carrying Joaded casks from the SNF sites to the MRS or MGDS
and empty casks on return trips. Trucks are assumed to be combination type tractor-trailers with
a cab and a single attached cask-carrier. A two-person crew is assumed for each truck. Routes
used comply with HM-164 and use non-interstate highways only for local access to or from the
interstates. Statistics for this class of vehicle and highways used in the evaluations were based
on DOT data.

Rail shipments are by dedicated train with 3 casks carried between the utilities and the MRS and
5 casks between the MRS and MGDS. Estimates of damage to SNF casks carried by rail are
based on DOT data indicating that typically only 1.03 hazardous material cars are damaged per
accident involving trains hauling hazardous materials. The damage rate was independent of the
number of hazardous material cars in each train and the total number cars in each train.
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Heavy-haul truck transporters are used at utility storage sites o carry large rail casks to a nearby :

rail siding for transfer onto rail cars. At a few locations heavy-haul vehicles are transported on o~

a barge from a dock near an SNF site to a dock near a rail siding. Each barge is assumed to o

~ carry 4 heavy-baul transporters, with 1 large rail cask each. Barge and heavy-haul vehicles are
assumed to transport only loaded large (100 tons or greater) rail casks. DOT accident statistics -

for barge shipments on inland waterways, (such as rivers, barge canals, and the Great Lakes) are

used in the evaluations. Heavy-haul accident statistics are derived from those used for trucks,

with a reduction for the lower speeds and protected movement of the heavy-haul vehicles. Data

are provided in Appendix B.

All transportation health and safety estimates are for the operational life cycle of the program.
There are no known transportation health and safety impacts that depend on the annual shipment
rates. Sections 4.1 through 4.5 address systems with an MRS; Section 4.6 addresses the same
systems without an MRS.

4.1 RADIOLOGICAL ROUTINE EXPOSURES

Radiological routine exposures were calculated using the RADTRAN 4 computer code as
described above. Each SNF cask is designed to exactly comply with the maximum permissible
regulatory criteria routine radiation exposures. This includes radiation at the cask surface and
at 2 meters from the cask when loaded with the design basis SNF. Actual exposures based on
average cask contents (number of assemblies, radiological inventory) are estimated to be about
one-half of the regulatory exposures (see Appendix B). Routine public and occupational radiation
exposures are displayed in Table 4-1. o~

All systems use rail at 85% of the facilities and trucks at the remaining 15%. Because the
transportation modes and cask capacities are effectively the same for all systems (see Reference
55), the total number of cask shipment-miles are essentially the same.

Table 4-1. Transportation Radiological Routine Exposures
(total program)

+ Total program

42 RADIOLOGICAL INCIDENT EXPOSURES

If an incident occurs, the cask damage severity can range from no damage to the release of
radioactive particulates and gases. The severity probability distributions are derived from a study
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of nationwide accidents of vehicles, similar to those planned for this program. See Reference
9. This analysis uses the severity data listed for each transportation mode in Appendix B.

Radiological incident exposures are calculated using the RADTRAN 4 computer code with
information from Reference 10, and assumptions described above. The DOT highway offices
and the Federal Rail Administraion (FRA) report (Reference 64) identify the statistical
probability of accidents. References 51 and 64 screened the data for statistics of similar vehicles
under comparable conditions. Radiological impacts and exposures during empty cask shipments
to the utility sites are negligible. The accident probabilities used in the RADTRAN estimates
were derived from References 51 and 64.

The RADTRAN computer code estimates, for incidents, use appropriate isotopic distribution of
the material released. Lists of the isotopes are provided in Appendix C. The isotope inventories
contribute over 99% of the health hazard of the spent fuel, Reference 48 (RADTRAN 4 User

Guide; pp. 5-23).

Total expected-person-rem exposure from incidents is summarized in Table 4-2. Estimates
assume the isotope distribution for a nominal design basis PWR SNF described in Appendix C
and Reference 72. Isotope inventories are listed in Appendix B.

RADTRAN calculations indicate mo expected early fatalities from radiological releases.
Expected-person-rem for the program are essentially the same for all systems. Use of truck
transport always leads to higher incident exposures because of the larger number of casks
required to ship equal amounts of SNF. Rail shipment exposures include any associated off-site
heavy-haul or barge use. The total of rail plus barge and heavy-haul exposures on any route is
always less than the corresponding expected person-rem for the use of trucks alone.

Table 4-2. Expected Population Exposure for Transportation Incidents
(total program)

posure (person-rem) §

e e -

» Total program

The systems uses rail at 85% of the sites and truck at the remaining 15%. If all sites use rail
there will be a reduction in the total exposure from incidents. As with routine exposure, shipping
truck casks on rail-cars will also reduce the exposures, since the expected frequency of accidents
and the severity are reduced. :

4.3 NON-RADIOLOGICAL ROUTINE IMPACTS

Transportation health and safety routine effects will occur from vehicular emissions. Non-
radiological health and safety effects to the public and occupational workers are computed
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together. The non-radiological effects are essentially the same for all systems since they have
identical transportation modes and effectively the same cask capacities.

Engine exhaust is the major source of toxic, and potentially carcinogénic, pollution during
transportation. The total emission weights, based on the data of Reference 43, are summarized
in Table 4-3. '

Table 4-3. Non-Radiological Routine Emissions During Transportation
(two-way travel, program total)

Nitrogen oxides
Hydrocarbon vapors

Traction rubber (tires)

The health-related emissions include airborme hydrocarbon combustion particulates, sulfur oxides,
nitrogen oxides, and hydrocarbon vapors that are either toxic or potentially carcinogenic.
Pollution emissions accumulate during 40 years of operations, with over 16,000 cask shipments,
and at least 80 million miles of travel. The estimates are conservative by at least 2 times and
conservatively assume that the transportation pollution control technologies remain at 1982
cfficiency levels. It is assumed that the emission rates of the prime mover engines, per mile
traveled, are independent of the road conditions and whether the SNF containers are loaded.

4.4 NON-RADIOLOGICAL INCIDENT IMPACTS

Estimates of the injuries and fatalities from CRWMS transportation operations are provided in-
Table 4-4. The data are based on information from References 51 and 64, and extremely
conservative assurnptions. Barge and heavy-haul values are extremely small and are included
with the dedicated train totals, since they are used together exclusively.

Table 4-4. Non-Radiological Puablic and Occupational Injuries and Fatalities

(program total)
Trucks (HM-164 Highways) | Dodicated Unit Trains il
o Injuries 10 120 “
« Fatalites u ;L__ 21_']
44




All estimates are based on two-way travel, with empty casks to the utilities and loaded casks to
the MRS-and MGDS. Dedicated rail is always used between the MRS and the MGDS. These
injuries and fatalities are accumulated during the total system operations, with over 16,000 cask
~ shipments and at least 80 million miles. The estimates assume that the transportation safety

accident rates remain fixed at the early 1990s levels. Non-radiological routine impacts are
effectively the same for all systems. ‘

For comparison, total transportation fatalities for large trucks in the U.S. over the same 40-year
period as the CRWMS program (about 29 years for an MRS) are estimated to be 190,000
fatalities (190,000 times the number of truck fatalities estimated for the CRWMS). Similarly,
for comparison, total rail transportation fatalities over the same 40-year period are estimated to
be 44,000 fatalities, which even with the extremely conservative assumptions used to develop the
rail results for this report, is 1,600 times the number of rail fatalities estimated for the CRWMS.

4.5 GENERAL FREIGHT RAIL SHIPMENTS

Dedicated unit trains are evaluated as the basis for this report, since special ALARA and
operating procedures could be used to reduce routine radiological exposures. However, a
potentially lower cost alternative to the use of dedicated unit trains for all loaded cask shipments
is the use of general manifest freight shipments from the utilities to the MRS or from utilities
to the MGDS. For general freight use from utilities, a set of 3 empty or unloaded cask cars are
shipped to a utility, and the other cars of the general freight train continue onward to other
shippers. At a later time a rail carrier locomotive will connect to the loaded 3-car block from
the utility and ship the casks to the destination in accordance with general commercial rail
routing and handling practices. This means that a cask car block can be removed from the
general train for classification and routing at switchyards enroute, and delayed by the rail carrier
when necessary to make connections. ( In contrast, dedicated unit trains from the MRS, with 3
cask cars per train, are preceded by general freight shipment of the empty casks to the utilities.)

General freight trains may carry any number of cask cars. For general freight trains, all
conventional commercial railroad practices are assumed to apply. General freight shipment
evaluations herein use DOT statistics that include all accidents, injuries, and fatalities, with all
railroad equipment (including passenger trains) under all conditions on all classes of rail lines
(including switchyards). The DOT national average data (for 1992) indicate that typically only
1.03 hazardous material cars on average were damaged in each accident to a train containing
hazardous materials. These evaluations assume that these DOT statistics apply to shipment of
SNF casks.

General freight, in contrast to dedicated trains, moves at greater speeds in rural areas, receive
more delays through switchyards, and inspections can be performed frequently and slowly.
Delays in switchyards and sidings while awaiting pickup and delivery are expected to be longer
for general freight than for dedicated unit trains. Railroad workers are in close proximity to the
casks in switchyards and on sidings while performing duties on adjacent unrelated cars and the
cask cars. Roughly half of the reported injuries, although few of the fatalities occur in
switchyards. However, the statistical allocation of injuries, and fatalities on a pro-rata basis per
car of each general freight train means a considerable reduction in the estimated fatalities and
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injuries. Comparisons of health and safety impacts for general freight versus the analysis
baseline dedicated freight shipments are presented in Table 4-5, at the program level.

Table 4-5. Comparison of Health and Safety Impacts for General vs. Dedicated Freight

e . = e T e et T
General freight for loaded casks | Dedicated freight baseline of
shipped to MRS and dedicated | all loaded casks to MRS and
freight from MRS to MGDs
e ——— =

e e — ———

Radiological

Routine, person-rem

occupational 1,360 770

public 990 680
Total 2350 1450

Incidents, expected-person-rem 40 430

-8 Total Exposure, perscn-rem 2,390 1,880

| Non-Radiological

‘Routine, emission - tons

Incidents
injuries
fatalities

4.6 TRANSPORTATION HEALTH AND SAFETY IMPACTS FOR NO MRS SYST EM
(DIRECT SHIPMENT)

An alternative is the use of direct shipments from the utilities to the MGDS. A set of 3 empty
or unloaded cask cars would be shipped to a utility. At a later time a rail carrier locomotive will
connect to the loaded 3-car block from the utility and ship the casks to the destination in
accordance with commercial rail routing and handling practices. Direct shipment to a MGDS
reduces all of the impacts on the environment, health and safety. Marshalling the rail-cars to
increase the numbers of cask cars per train from 3 to 6 would reduce the incident exposures,
injuries, and fatalities about 50% if the total cask-car mileage remained the same, as could be
done most simply by using 6 cask-car shipping campaigns.

Health and safety impacts at the program level for direct shipments of all loaded casks are
presented in Table 4-6.
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Table 4-6. Transportation Health and Safety Impacts for No MRS System
(Direct shipment)

et ———— e e

Direct Shipment of all loaded casks to MGDS
(no MRS)

Radiological
| Routine, person-rem '
occupational 770
public 660
Total : 1,430
i Incidents, expecied-psrson-rem : 410
;_ Total Exposure, person-rem j ‘ 1,840
| Non-Radiological
{ Routine, emission - ©ns : 9,440
| Incidents _! ‘
injuries - 90 i
: fatalities 22

L__———————————‘—_'—__‘—"————‘_——_——_—"M

4.7 PUBLIC EXPOSURE TO RADIATION FROM SNF TRANSPORT

Public exposure will take place enroute (sometimes within a few feet during gridlock in urban
areas), at enroute stops, or from roadside and railside positions. The roadside and railside
(between truck stops and rail yards) public exposure per mile, are essentially the same for rail
and HM-164 highway routes. However, the number of people exposed at close range while on
the highways is markedly larger for truck transportation than for rail. The relative enroute
traveler exposures, based on the standard default values of RADTRAN 4, Reference 48, are
displayed in Table 4-7. The numbers presented in this table are the number of people on the
highways and railroads within 800 meters of a shipping cask. Heavy-haul comparable data are
not available from Reference 49 nor from other sources.

In urban areas, the margin of truck over rail, for number of people receiving at least some
exposure, is about 600:1. In suburban areas, the margin drops to about 150:1, and in rural areas
the margin is about 500:1. Barges, used to reach rail-transfer points with large rail casks, will
create essentially zero exposure to enroute travelers. However, actual routes are mostly in rural
areas, and rarely in the cities, so a more realistic estimate should reflect that situation. Actual
trip routes on a national average contain about 1% urban travel, about 19% suburban, and 80%
rural. Weighing exposures by these percentages will define a "unit trip." During each "unit trip"
the normalized exposure will be about 560 people per truck, compared to two people per train.
Further, since large rail casks contain about 4.5 times more MTUs than truck casks, there will
be fewer rail trips per MTU disposed. Thus the cumulative enroute exposure ratio of truck
shipments compared to rail is about 1000:1.
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Table 4-7. Relative Numbers of Public Receiving Radiation Exposure During Travel on
Highways and Railroads ’

{ Travelers per hour, one way, on the route:
§ ° Urban

i Suburban

- R e T R S ST

o Noermalized to a Unit Trip
! + Trips per MTU Ratio (truck casks are smaller)
| « Normalized Unit Trip Multiplied by MTU per Trip R

_——-——-——E'—_—'—'—'——_#_.—————

e ——
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5. SUMMARY AND CONCLUSIONS

5.1 SUMMARY

This report evaluates the health and safety impacts of a CRWMS that uses the MPC in
comparison with three other alternative systems.

The MPC system relies on the use of a clean, sealed, metal canister for all CRWMS operations
including storage, transportation, and disposal. Other alternative systems being evaluated are the
reference scenario, a dual purpose cask system: the TSC system, and a multi-purpose cask
system: the MPU system.

Impacts to public and to occupational health and safety are evaluated. Radiological and non-
radiological impacts caused by routine (day-to-day) activities and incidents (accidents) are
included. Radiological impacts are measured by the radiological exposure received by persons
and non-radiological impacts are measured by fatalities, injuries, and the emission of non-
radioactive toxic materials. Health and safety impacts at facilities and during transportation are
evaluated separately. Facilities include utilities and other SNF storage sites (called ntilities
herein), the MRS facility, the CMF, and the MGDS. Systems are evaluated both with and
without an MRS. Health and safety impacts at the utilities, the MRS, and the MGDS are
computed from impacts caused by handling spent nuclear fuel (SNF) and SNF casks. The
MGDS also includes impacts caused by the handling of vitrified HLW canisters and waste
packages. Impacts associated with the CMF result from routine maintenance of contaminated
casks. Transportation impacts result from the shipping of both loaded and unloaded SNF casks
between facilities. Health and safety impacts are addressed in four areas:

« Radiological Routine Exposures - Includes radiation exposure during routine
facility operations and during transportation.

« Radiological Incident Exposures - Includes radiation exposure from incidents
involving SNF fuel, HLW, and cask/canister
handling, and transportation.

« Non-Radiological Routine Impacts -  Includes routine non-radioactive toxic effluents
from facilities and during transportation.

« Non-Radiological Incident Impacts -  Includes non-radiation-related incidents at
facilities and during transportation.

Table 5-1 illustrates the total system health and safety impacts for both radiological exposure and
non-radiological impacts caused by routine activities and incidents. Note that all health and
safety impacts are equivalent for any of the four alternative systems with the exception of at-
facility routine radiological exposures. Routine radiological exposures result in 99.6% of all
exposures, with incidents contributing to about 0.4% for any of the alternative systems.
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Table 5-1. Total Sysiem Health and Safety Impacis
(total prograrm, with MRS)

Single Purpose Cask
System
(Reference)

System Impact
Area

Radiological
Routine (person-rem)
« Facilities

« Transportation"
Radiological
Incident (person-rem)
. Facilities®

« Transportation*

7 Non-Radiological
Routine (emissions)

« Facilities® .1 tons .1 tons .1 tons
- Transportation®* 12,290 tons 12,290 tons 12,290 tons
Non-Radiological
Incidents (injuries
and fatalities)
« Facilities
injuries 470 ' 470 470
fatalities 4 4 4
« Transportation®
injuries 132 132 132 132

fatalities

30 30 30 30
B ——

Notes: a) Values shown are for all truck, rail, barge. and heavy-haul.
b) Systems approximately the same; within regulatory limits.
¢) Includes particulates, sulphur and nitrogen oxides, and hydrocarbon vapors that are toxic or. potential
carcinogens.

Effectively all of the facility radiological exposures are incurred by occupational workers in the
nuclear/waste management industries. As can be seen in Table 5-1, the at-facility routine
radiological expostres are approximately 35% higher for the MPC system than for the reference
scenario (56,980 versus 42,080 person-rem). These higher exposures are caused primarily by the
MPC welding operations at the utilities and at the MRS. Welding associated operations at these
facilities alone contribute to about 80% (12,600 person-rem) of the difference between the MPC
system and reference scenario exposures. The dominant impact of a single operation, welding,
suggests that the use of automated canister sealing operations or other techniques could
significantly lower the MPC and MPU system exposures to be effectively equivalent to those of
the reference system.
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Table 5-2. Total System Radiological Routine Impacts

(person-rem)
Single Purpose | Dual Purpose Multi-purpose Multi-purpose
Cask System Cask System Cask System Canister System
(Reference) (TSC) MPU) MPC)
Facilities:
« Utilities 13,110 14,550 25,880 25,660
« MRS 8,200 6,140 7420 10,700
« CMF 160 140 60 60
 MGDS 20,610 22,990 20,560 20,560
Total 42,080 43,820 53,920 56,980
Transport:
» Occupational 770 770 770 770
680 680 680
1,450 1,450 1.450
45270 55370 58.430

Table 5-2 illustrates how routine radiological exposures are distributed among the facilities and
transportation. The radiological exposures at the utilities are significantly higher for the MPC
system than for the reference scenario (26,000 versus 13,000 person-rem). This is dominated by
the welding operations that contribute 11,500 of the 13,000 person-rem difference. Though not
as significant, welding operations at the MRS (1,100 person-rem) have a large impact on the
higher MPC system exposures.

The MGDS exposures cansed by the reference system, MPU and MPC systems are about the
same and lower than those caused by the TSC system. Because of an additional bolted 1id that
must be removed while unloading a TSC, the TSC system produces higher exposures at the
MGDS than the other alternative systems. The CMF exposures are small for all systems.

Transportation exposures are equal for all systems. Public exposure is the same for all of the
alternative systems and makes up less than 2% of the total system exposure.

Changes with no MRS in all of the alternative systems were also evaluated. With no MRS there
will be more interim storage at some utilities, followed by direct shipment to a MGDS. Table
5-3 contains the values with an MRS, and with no MRS. The facility radiological incident
exposures, nonradiological emissions, injuries and fatalities did not change significantly. There
were from 5% less for the reference scenario, to 15% less for the MPC of routine radiological
exposures at facilities. Without an MRS, the TSC system facility exposure is below that of the
reference scenario. Transportation had 23% less nonradiological emission, 25% fewer fatalities,
and 32% fewer injuries with no MRS.
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Table 5-3. With-MRS/No-MRS Total System Heaith and Safety Impacts
(total program)

. Routine (person-rem) |
! + Facilities ) 42,080/40,150 43,820/37,510 53,920/50,700 56,980/50,860
 Transportation* : -1,450/1,430 1,450/1,430 1450/1,430 1,450/1,430

Radiological -
| Incident (person-rem)

« Facilities® 0.10 0.08 0.04 0.04

430/410 430/410 430/410 430410

| Routine (emissions)
« Facilities® .1 tons .1 tons .1 tons .1 tons
 Transportation*® I 12.290/9.440 tons 12.290/9.440 tons | 12,290/9,440 tons 12.290/9.440 tons

| Non-Radiological

Incidents (injuries

and fatalities)

« Facilities
injuries , 470 470 470 470
fatalities 4 4 4 4

 Transportation®
injuries 13250 13290 13290 132/90

30722 30/22 30722 30/22
F

Notes: a) Values shown are for all truck, rail, barge, and heavy-haul.
b) Systems approximately the same; within regulatory limits.
¢) Particulares, sulphur and nitrogen oxides, and hydrocarbon vapors that are toxic or potential
carcinogens.

5.2 CONCLUSIONS
Table 5-1 shows that all health and safety impacts are effectively equivalent for any of the four
alternative systems with the exception of routine radiological exposures at facilities. Effectively

all of the facility radiological exposures are incurred by workers in the nuclear waste
management industries.
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As can be seen in Table 5-1, the total routine radiological exposures at facilities are 35% higher
for the MPC system than for the reference scenario (57,000 versus 42,000 person-rem). These
higher exposures are dominated by the MPC welding operations at the utilities and at the MRS.
Welding operations at these facilities alone contribute about 85% (12,600 person-rem) of the
difference between the MPC and reference scenario exposures. Total exposures are small relative
to expected background radiation exposures (e.g., natural sources, medical uses, radon, etc.) to
the U.S. population of 3.5 billion person-rem over the same period of time as the CRWMS

program.

Table 5-2 shows that the radiological exposures at the utilities are almost 2 times higher for the
MPC system than for the reference technology (25,700 versus 13,100 person-rem). The MPC
at-utility exposures again are dominated by welding operations that contribute to 70% (11,500
out of 13,000) of the person-rem difference.

The miajority of the increased exposure caused by the MPC system is related to one operation:
canister welding. The reference system, on the other hand, is not dominated by a single source
or activity so there is no specific opportunity for significant exposure reduction. This strongly
suggests that the application of automated canister sealing operations or other techniques could
significantly lower the MPC system exposures to be effectively equivalent to those of the
reference scenario.

Table 5-3 indicates that with no MRS the evaluated system health and safety impacts will
decrease or remain the same for all of the alternative systems. The magnitude of the results for
the systems without an MRS are similar to those with an MRS (e.g., for MPC system; 50,860
person-rem with MRS and 56,970 person-rem without an MRS). The facility health and safety
impacts for systems without an MRS are higher for the MPC system than for the reference
scenario, and the same trend exists for the systems with an MRS.
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AL FACILITY ROUTINE RADIATION EXPOSURES EVALUATION

_ This portion of Appendix A provides flow charts and copies of the key spreadsheets used to

evaluate the routine radiation exposures ai each of the CRWMS facilities (utilities, MRS, ard
MGDS) for four designs (reference scenario, the TSC, the MPU, and the MPC system designs).
These are based on MPC facility routine exposure calculations that are described in Section A2.
In this section, the radiation exposures for the each system are made consistent within each
CRWMS facility. The facility radiation exposure estimates in Section A2 and the spreadsheets
were based on nuclear utility operations experience and data from Electric Power Research
Institute (EPRI) reports. This exposure data, along with the definitions of operations, are then
nsed to create the detailed exposures spreadsheets for the alternative CRWMS designs, including_
the reference scenario, TSC, MPU, and MPC sysiem. This process includes organizing and
harmonizing of the input data to create a consistent basis among all four alternatives. Consistent
conservatism was maintained among the alternatives by using the same dose rates versus distance
for each, comparable staffs, and comparable exposure times for each step. The level of
conservatism is potentially more than two times.

The calculations for this report, as shown in the first scction of this Appendix, are based on the
nominal exposure values and times. The estimates do not assume the use of As Low As is
Reasonably Achievable (ALARA) techniques. In Section A2 are examples of what can be
achieved to reduce exposures by the use of ALARA techniques.

The empirical data on which these calculations are based on dose rates measured during
comparable operations with comparable casks under conditions similar to those expected in the
reference scenario and the MPC systems. Conservative values are obtained since these data
describe the handling times for the first casks and canisters in the program. Learning curve
experience can provide significant reductions in the exposures per operation, in view of the many
thousands of repetitive operations, especially at the MRS and MGDS, in the forty-year program
life cycle.

Figures Al-1, A1-2, Al-3, and Al1-4 describe the exposures, numbers of cask/canisters handled,
and the resulting exposures for each major step at CRWMS facilities. Each arrow represents a
cask/canister handling. The quantities adjacent to these arrows are the exposure rates, the number
of casks/canisters, and total exposures. The dashed arrows without quantitics designate
transportation, which is dealt with in Appendixes B and C.

Detailed spreadsheets used in estimating the routine radiological exposures for each of the
CRWMS system designs at each facility are provided in Table Al-1 and those following. These
tables are based on the detailed technical information and logistics data of References 55, and
57, of the body of this report. Those reports should be consulted for the definitive descriptions
of each of the cask, canister, and handling requirements of the alternative systems.
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MESCforstorage  Load 148 %2 fforstorage /" 162
MPG for storage 1508 80 1970
PR 3,401
Transfer MPC
Transfer MPC from storage
end P stora ~
0.4 -Dos‘;'ecl;k (Person-REM) % K ?'97; - é&f' ¢ 202
16,104 - Number of casks . (3
6078 - Total Dose (Person-REM) Y 7 o+ 7.4
* Transfer Pack usod I ______*,_A.,_._.————-——-—"""""" T
g ((‘_O:} /e'f , YO0,
¥ 2 - 2F

Figure A1.4. MPC System-Routine Occupationai Radiation Exposure
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Table Al-1. Utilities-Reference

Totol Doses per Catk Handang ot SFS i the Uililles T ] Jacksramemay _Joockgound
Ud goees i jovermAy
Drect nner i e idoee
{lood for - (I, ) ouer | s0crone: g
2.950.4a.5) Truck for o : S5, TSC, MPU, WMPC 3 2 T, comk ogecort - 1
Stepe-(1.2.34>5b) Rall for P ordy. 533 12 Lostercl Sidn pool E|
cok mrempty | |EF
Jud doses 1
Jirner rd
'woa MESC: Stepe<(6.7.89.10.11.12.13) 14208 123| 1,943 cnsder
ubodussc:srg_._(mw.w.w‘m 14501 135 1.7854]; cosk id
Laterdd Sdn

i
!
1 -
! §
: TRE
- 1 8§
g o3 5§
LR B2
o .! 5 £| g é
=
| Cosi Handing Operatiom 3 i 3y 2 ﬂg‘
11, Receive Unicoded 1 Cosk cexame crone area background. 025 mrem/TY
am.ctusum.mmm 10 10§ E [ 00| 00
b. Retecse Off-Ste Pima Mover (PM) 10/ 10 Prime MoverOperolor |15 0} 001 0.0
<. Hich OnSite Prime Mover 10} Prime Mover % 0 00| 00
d Pedomn HP Susvey o] 2[Rodotionfrotecion 121 _Of 00, 00
. Move Caui 1o Prctected Area Gate 2 20 1{Primva Mover Cperator | 151 0 0.0 00
t. Secustly Fspection 304 0 2 Officen 2 0 0.0{ 0O
g Cpen Prep Areg Door 5 5 Cpercitor ;0 O 00| 0O
h. Move Cosk to Areo 304 0 Prime Mover Operctor : 15 0 0.0} O
L Rermove Pencnne! Bamer/impoct Limiters 9O 90 y i 2 0 0.0
: & Crane Operator - D! 0.0
Cioze Prep Areg Door 5 Cperator - O 0 0.0] Q0.
lwcwnm e0] 60|  2|Operators T 2.0 00
{L Pedtorm HP Survey 4D 0] 2lkodctionfrotectton i 2! O ).0!
m_Engoge Yoke to Cak & $) Cperaton 2 1.0]
[ 1jRogrnan 10 0]  00] ¢
1|Crone Operator ; 200 0f 00 Qo
n Ut Cok indo Prep AreQ 304 2|0percion 10 0| 0.0
30, HCrane Operctor 2 0! 00 01
Totat 325! 815 : 0l 24
2 hepl sdation Cask fot loading in Pool jIcaume poc! ared ‘bkod 3 mrem Ay
a seich Shield Aatfom 304 0 Operctor . & 0 0| L9
b. Aftoch Gas Sampiing /Vent Equipment S S Cperctar 2 0 .0
c_Sample Gos Cavtty ] X Operator 20 ol 1
d Vers Cosk Comty o B KOperator L of ool 1
o Al Conk with Woter e0] 60l 2|Operaton 2 o 2.0
[ L2 [ L0
20| 2 2 0 0.0
10, of 2 [ 0.0
10| 10: 0 [
10 Crane Operctor {2 0 0.0)
L retcll Corgamination Protecion on Cask 30 X0 2{Operaion 2 ol 30{ 3
Remove Shield Piotfom 30| 30 Cpetator 6 [J 0.0
i Lt Cask orto Pool Ploffom 20] 20| 2i0percion 10. 0] 0.0f 20
20| 1{Crane Operator 20 0  o0f 1.0
i Rernove Remaining Lid Bolts 0] 0 2|Operatony 2. 3.0
m. Utt Conk o Pocl Bottorn 0] 0] : 30 3.
30 Crane Operctor H )
n Dbengope Yoke 1O 0 OQperotor )
0! IRogmaon 0 0.
iJ Crane Operator . s
. Remove Yoke and Cask Lidtrom Pool [ X Cperatar 2o 00 1
2] Bogman "1 [J 00 O
2 Crone Operctor , 20. 0 00 1.0
Yotal 360] 490 0.0} 34.0]
30 Lood SNF into Truck Tronsportotion Cask osUmo pool req
Q Astoch SNF Grapple 1o Crone 10 10 2|Cperatar 20 05 02! 1.0
b. One SNF (12 min




Table Al-1. Utlities-Reference (continued)

b1, Tme for cok S0 40| 2[Operater ~ 20 0S| 08| &
& Load SNF into Trarufer Cask 701 0] 2|Operator 2 0$ 2] 7.
Yokl -130] 190] 22| 1
|36 150d SNF o o franspodation Cosk cexsme pool ore0
o SNF Geappie Attached o Crane L !QI 104 2|Opesaiors 20. 0.5! 02 1
&M_W“Mﬂw) ;
bl. Tene for comk _ 250| 20| __2|Opercion 2. DS 42
c. Load SNF Info catk 70 10 2|Opercton 200 0. 12{ ?
Yotol 30| 30 N 558 N
4a. Prep Truck Tronsportation Cask wom Pool mww KS’
Qa spect Cak Sedl 10] 10| 1{Operator 2 ) 00| .
B Ploce Cask id and Engope Yoke [~ 28] @5] _ 2|Operton 0 g{ 00| 2
25 Rogman 0 [ . 0.0/
=3 Crane Operater & o 00
<. it Cauic o ool Suface 30 10] 2{Operaton 10 0 0.0
: 10 Crane Operator 2 o' 0.0
ol rstal Two Conk Ud Bols 5 5 Cperctor 2 & 5.0
®. Ut Cask it Prep/Decan Areo 20| 0| 2|Cperoton 1018 12 2
| X Crane Operator 2 (I.S_]} 0.2
1. Deconaminyote Yoke and Cank — &[5 Cperdtor 087 65| 3
A5 Crane Operator 20 __05 041 2
vaeuauud&umou 10 10 Cperator 2t 17 28] ¢
10} {Rogman 100 87 1.4 0.
0 Crone Operater - 200 05 0. [
h. Attoch Vers and Drain Lines §| SI 1 jOperator 2- &0 50] C
L Drcan Cok &0] 0|  1|Cperotor 2 VI &7] |
} 1P Savey A5 20| _ 2{Rodiation Profection 2 B 28.7] 2
k Secure Cosk Boltedt Ui 30 X 2|Operators 2 &0t  &00 &g
L Connect Drying ond : 0 0 Operctor y 60 10.0
m. Drain, Dry. and nert Cok 90 %0 Operotor y 17 L
90 Qpergter 1087 13
n. Remove Droin. Drying. ond inerting Equipment 10 0 Cperotor 2 & 100
©. Pertorm Leck Test on Sedl 10| 0 QOperctor 2 28] 0
Totkal 385 555 178.41 33.
J .
[45._Prep ol Tronsgrofation Cosk om Pool (imes are icoied by clomedsr ratio fo ral tromdass | 1.9.) Ipoci rea
a Conk Seqi (3) 20 20 or 2 o ool 1
[t Pioce Caske d ond Engope Yoke 2 5 Opercton 0 o 00 %
25| Ragman 0 0 .0
:;ﬂ Crane Operctor o 0 _ 00
c. Litt Cank fo Pool Surtoce 10 1 2[Opertors 10 0. 1.0]
10 Crone Cperator 2 o 2.0
. restal Two Cosk Lkt Bolts S S Operotor 2 & 50|
fe. Lift Cask nto Prey/Decon Areo 2 20 2|Opercrtors 10 18 2| 20
20 Crane Coerator 2 05 02 1.9
1. Deconkynncte 80 80 1 {Operoter 10 87 11.6] 40
Yoke ond Camk (s) 90 11Crane Operator 2 05| 0.7 40
|2 Owengoge Yoke ond Ud Siing from Cask 10 0f _ liCperator 2170 28
0 1]Ragmaon 10 & 5
0, Crone Operctor 20 05 0.1
h_Atioch Vers and Oran Lines S S Opercior 2 & 50
110 35 Cperotor 2 17 9.9 E)
80| 35| 2|Rodotion Protection 2 &1 502| 3
k. Secre Cosk Boad Uicks) 3 55 2|Cperators 2 601 1100] ¢
L Connwct Dryeng and inerting Ea.doment 10 10} Operator 2 & 100 ¢
Dron, Dry. ond bed Cosk(s) 160] 160} Cpeotor 21| 453
160} Cperctor 10 87t 2032 A
n. Remove Dran. Dryng. and hedng Equipment 10! 10 Operator 2_ &0 100
. Performn Leck Test on Seaks) 20 ! Cpecator 2 M 5 1
Total 620! 140 T 2923|493
1
Sa. Prep Inck ¥ ponation Cask from Poot Prep Aseo fo Ship casume Uil Dockgound 0ose !
a Open Preg> Area Door S 0 Operator '] 0: 0.0{ 0.0
. Move OreSite PM and trareporter to Prep Are 10| 10 Prime Mover Opeeator  15- 0.5 0.1 0.0
€. Unhitch On-Site PM S 5 Pime Mover Operator 15 05: 00| 00
d Engope Yoke to Cok 10 D Opergtor 2 17, 28] 0O
: 10 [ Rogman 10 87, S5 0
10 Crane Opercior 20 05 0. 0.04
Al _Comm Pool Area Doot, 0) Opecaior 0 o 0.0 00
o. Poce Conk: on Trangporter a5 45 2|Opergtors 10 1.8 27 00
45 Crane Operator 20 08! 04 0.0
1. Pertorm Reiscns HP Survey as! ~ 20| 2[Rodiation Protection 2 4au 287 O
g stol Cosx Restrants X 0 2|Opercrtors 2 21 320{ 00
X! 1{Crone Operaiar 2 0S| 03! 0.0
R retol mpact Umiten 30 0 2|Operoton 2 X 30 00
30 1|Crone Operater 20 05 0.31 o0
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Table Al-1. Utilities-Reference (continued)

L kutcs Ponconel Bormer . __eo| 60
i 30,
i Pr ooIng Papers 30, 0
K Areq Door 5
L Hitch OnrStte Prime Mover 30 10,
m. Move Cask fo Protected Aea Gale 2 20
n Perforn securly check [-]
©. Un-hitch On-Siie Prime Mowver 5|
"P. Hitch Off-Stte Prme Mover Cl
Total 310 410
b, Prep Rol Iansporiabion Cask om Pool hep Awa fo
Ship Oirnes ove scaied by diamelet i 1o 1ol trom 5g. =>
ammmm 5 [1]
. Move OnSie SM and TrowporterioPrepArea | 10 10
Uniiich On-Ste PM 5 5
d Yoke %0 Cak 10 10
10
10
| dl. Close Pool Areg Doct. with [}]
o. P:oce Ceak on Trareporier &5 45
5
1. Performn Relecee HP. ~<harneter) 20 35
o bwicd Cok Restanis permeter) | 3] 5
35
hwmmm«) 55 [ (
55 0.5 [
i Fustcl Parsonnel Bamer(s- permeten 70 70 32 !
35 05 [«
Prepare Shipping Papers 10 [] 0 C
L3 Aseo Door S of Operctor 0 ] 0.0f O
L Hitch On-Ste Prime bovet 5] 5[ Prime Mover Coerator __ 15: 0.5 0.0 %
‘m.mCakboPlolododmoGdom X Prirme Mover ort 15t 05 03] 01
n_Pedorm check J | 2 Officens 2 7 34 _00f
©. Unhitch On-Site Prime Mover 5 S 1|Prne Mover Cperator ©  15; 05| a0| 0O
. with ofher cosk cors froin (ossume 3 cd &0 60! 2iCpecctorral 15 1.2} 24i
Q Hitch Off-Ste Prime Mover (cesume rail sicing dose 5) 5 1]Prine Mover Cperater © 15- 0.5, 0.0
Todal 440] 545, 2354] 34
& Receive Emply MESC ino bockgound 9o
a Basof Otter : 10 0 Operator [} 0 10| 0.0
b. Take MESC to Warehouse £0, 60 Prne Movec Opergtor . 15 0 30! 0.9
c.__lb-_«_gME&:otWamadSm 30 30 2|Operaton F 10! 0.0l O
0 Crane 200 0 00| O
d Relecoe Off-Ste Prime Mover (PM) 10 0f Prime Mover Operctor ©_ 15" 0 00! 0.
. Hitch On-Ste PM 10 0f Pame Mover Cperator ' 15 ol _00_Q
1. Move MESC 1o Protected Ama 20 20] [Pane Mover Cperator 15 []] T
MO CIINS CICTW SNCOAse) 30 30! 2|Securtty Officen -2 [} 1.0
. Open Stogng Ared Dot ) [ Qperator 0. Ol 00 00
L Move MESC to Stoging Area k] 30 Prime Mover Coerator - 15. 01 00} Q)
—} Pedorm Prefmincay HP Suvey of MESC i 40|  #0  2iRodiation Protecion 2.0 0o o
k_Attoch Lifing Device fo MESC 1 10 10{ 7 2.0 6o O}
N 10 Rogman 10 0 20F 3
! 10/ Crane Operctor 2 0 T
k1. Close St Area Door. s with [3 10| Cerator 00 00! 00
1. Uit MESC into Prep AreQ H 0 21Operators 10 0 30! 0.
1 £ Crane Operctor 20 of 907 0.1
ool 26| 376 30! 1.3
|
7. Receive Unlooded On-Sie MESC Transter Cank: BFSilo Prep aITe UioOded Comk In crane encionse
a. Move Cosk to Storape [ &0 ZlOpaom 10 0l__00f 05
&0 1{Prine Mover Operctor . 15 0 00} 03
60 |Crane Operator 20 Of 00! 03
&0 |Rodiation Protection 10 0| 00. 03
b. Relocse Orrate PM $ 2 ors - 10 00 00! G
1{Prime Mover Operator = 15 ol 00 A
1jCrane Operctor 20: 0 00! {
S Rordation Protection 0 o 00' Of
c. Hitch On-Site PM 10 101 2|Operatons 10- [4] 00: &
! 10] Prime Mover Coercter 1S 0 0.0: 0.0
: 10| |Crane Opertor 20 o] 00; 00
10 {Radkation Protection 10 () 00! 00
d Move Cask 1o Protected Areg 20 20 2{Operotons _10. 0 00t 02
' 20 Prime Mover Opesator 15 o] 00 O
20| 1jCrone Operter 2 o 00 O
2 Rocation Protection 10' 0 00| O
o._Securliy rspaction 30 39 2{Secuny Officen 2 0 [(LIIK
1. Open Prep Doot 5 S Operator -0 0 00! O
~ Move Cosk o Prep Ared 30 30 1]Prime Mover Operator - 15 ol 00! 00
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Table Al-1. Utilities-Reference (continued)

1. MESC/Uarader om

[11. Prep MESC/Liarsder ot pool__
a- Aftach MESC Shirid Pug Ut Fodure fo Crone

1
=

(b, retofl MESC Shielc PR

h_Releces PM S| ijPrme MoverCpertor 15 O 00| 0C
L_Cioss Prep Ana Door(use decan areq backprol Y S 1 o _0o! O
L Perform Prelmincyy HP Xavey 0] 40| _ 2ikodotion rotection © 2" 00} 1.
k. Decontamin:te Cok 40} __2/Opecaion i 2 eo} 20
L_Remove Cosk Resiraints [ 2 of 00} 20
m._Pedonn HP SLevey £ 40 Rodiation Protecon F of_ 6o} 13
n_Deconkamincne Cask &0 GOI __2I0petcion 2: 0] 00} 20
o._Engage Yoke o Cok S| $ [Cperater : o_00} 0
.:+_ Operater X 0 00 O
3 Crane Operator 20 0 _©o0l O
p._Uitt Cask into fyep Are0 2 ) 2|Operators 100 ©00j Of
a1 NCane of 20 0 00 04
@ 4] 760 ; 0.0 128
‘ 1
[ lood MESC: indo Transiec-overpack mmmmytn
o Aign MIESC wilh Cosk 104 10, 1 or F 0l 0.0
0] 1tOpercitor 0 o |
0] 1iCrane Operator . 9
b. Lower MESC indo Cauk 20] ¢ 2iCpercrion 2 o
4 1Operctor : 10 []
. 1iCranve Cpergtor ) 9{
c Dt and Ramove ifing Dewvice From MESC 10 10 Cperctot 2 0 ) Jﬁ
30 Operctor _ 10 OI L [
d Verity MESC Configrsation for SNE 10{ __2{Operctors 1 0 0.0} 0.1
o. il ACCuAB with Damineccized Water - 0] 2{Opercrton P2 ol 00f O
£ st MESC Contarninoion Protection oG 2{Opercrtors P of 00|
o Cornect Amuius oot Hoses 2|Opercitors 2 0 0.0
h Rl MESC With Walor S04 (L] 2{Cperators [ 0 0.0,
otal 78] 24 . 0017
9. Prep Unloaded NESC/Transtes fot Pool
a Atach Cask Yoke %o Crane 10f 10
10
10
5 Engoge Yoke to ok _ B 5
=)
2
<. Move Cask 1o funl Loading Pool Roor 30 304 210peraton 10 [J] 0.0] 03
(cEsume poal crea ixockground) 30 1iCrane Operatar t 20 [ 00{ ©
ct Csanpoge Voke from Cosk s O ) T o ool 1
2 Rogman 0 000 1
20 ICrane Operctor . 4 0 0D
o. Remove Yoke Forn Pool 10} 10 21Cpecciors . 10 0 0.0
10} Rogman L 00 00 @8
W Crone Operator -2 0 00
Total 95| 255 : (Y]
10. Lood SNF info MESC /iransier :
a_ SNF Geoppie Attoched fo Crane |10 10 2i0peratorn 205 02 1
[ b._Engage Ciw SAF Asembly. (12 min. per css(ibly) : 00] O
bl. Tine for cok 250{ 250] _2iOperriors 20 0S|l 42
‘ <. Lood SNF yto comk 70 701 ___2iCpeigton - 12| 7
Tobat _ ) ) 3 eezi
S
20
S

2
0
<. Engage Yol fo Cok 0 0.0
0 ol 00
11Crane Operaior ) o] 0.0
d Ut MESC/Cak ¥ Poot Sufoce [3 210peraton 10 0 0.0 __%
5| 11Crone Operctor - 2 0.0
o huatal Shieid P Retoinen 10 10} 1iQperotor 2 36705}
¢, 31y MESC/Cosk info Prep/Decon Arec 30] 28] 2lOperaton jo_ 87| 73] 2
(e decon biackground doe rote) Croe or . 20 05 03! 1
{g. Disenooge Yoke from Cosk S| 3 Cperator .2 S| 49 01
Rogman 10 87 0.7] 0Ot
HCrane Operator -~ 20 05 00l 0.1
h Remove Shiekd Flup Retaines 10 10 1ICperater T2 20| 367 oﬁ
L Decon MESC/Cask and Yoke, 1204 % V[Operator 10 8 WY
I3 1iCrane Operctor 2 0S5 03} 07
j Hook Up Dran Ecrsprnent 10 10 11Cperator 2 20 348.7{ 02
i Patialy Dran MESC ond Artuis 20 20 V|Cperator 10 87 20| 03
L Remove Arvuas Sedl 10 10{ _ 2|Cperoton 2 20| 133] 03
1. Check MESC/Conk for Contarminaion 30| 0] 2[Rodation Protection 2 S 197 ﬂ
n nstall Arvrius Wolding Protection 10 [ 2i0perctons 2 20 733
o. vt Remote Waiding Equipment 3 0] Viweider 220, 1100 05
A-12




Table Al-1. Utilities-Reference (continued)

10]  V{Grane Operator 20 os] o1}
1000] 0| _olremote o o oo o
304 20| QA Welder 2 20| 733] ¢
201 20( Welder 2 20| 733
10] Crane Operator 20 05 01}
3504 10{ Cperator 2 20| 367
350] Opercior 10: 87 508
10 10, Operator 2 20| 367
20 20 Cperator 2 3 23]
bt % 2 20 1
2 0 Operator r o7 162
o 1|Rogman 087 1
10 Crane Operotor 2 o5 o)
| w. Set Up Remote Weiding Equipment 451 0] Vweider 2. 97 45
10] Crane Operator 2. 05 01
x Weid MESC Outer Uid 1000] O OfRemoch o o 00
|x). Pedoan NDT on Weld X0 20 QA Walder : 9] 3!
ly. Remove Anruius Weld Protection 101 10 Operator 4 971 184
2. Ploce Trorster Cosk Lid 10 10 Operator 2 ZIIRIY :ﬁ
10] 1jRogman 10 87 £
10 Crane Oparator _20__0¢ 0 (%
aa._Decon Cak 0 0, 2|Operators c 2 % %0
30 Crone Opercator 200 04 [ %
_|bb_ Periomm HP Suvey &S] 2] 2jrodofionfrotection | 2 5| %.3] 07
oc. secire Transter Cak Botted Uid 30| 30 2|Operctors 2. o 978 L]
Jobal 075] 1,150 : 18567.1] 25.9
12. P ransier-ove!
fo¢ ISFSI amUme aanNe ared back nct Gose
c. Open Stoging Area Door [ 0 or 0i 0 0.0
b.MMMoPMcndT@uUfo&ophoﬁ 10! 10 Prime Mover 15 0 00} o
— 10] Trarsporter Operator . 15. Ol 0G0} O
. Unhitch OnSile PM S 5 Frirme Mover Operater - 15 0 00| 0
d. Engape Yoks o MESC/Cok 10/ 0 Cpergtor 2 ¥ [V
D 11Rogman 087 5| O
0 Crane Operator 2 0S Q D.
ol. Cicse Aea Docr, siTatt 4 1{Operator [] J 0.0 0.0
‘ ®. Ploce MESC/Couk on Trarsporier 5 45 2|Operatons - 10: &7 131] 04
45 HCow 20" 05 0.4
1. Pertorm Relecse HP Survey 0] 20|  2{Rodotion Protection 2 % %
rstofl Cosk Restrouts &0 40! 2{Opeccrton 2. X 640{ 0.5
. Open PrepArecDoor ) 0 1{Operater 0: ]
i Troruter 10 0] 1|Operctor 0. 0O
7. Move MESG/Cask Outide Protecied Ao 0| 0] 1[Prime Mover Operotor 15 0S[  0.1] O
& Move MESC/Caxk %o BFS 60| 30! P 0 8.7 8.7 l).%l
30! Prime Mover Operctor CH 1) 03 0
0 Crane Operotor 2 05 03 00
£ Rodotion Profecion 1087 a4 00|
Total 200 345 152.8 K
13. Jransier MESC tom Transier:
Ovenock o ISFS! aesNe ISF Dockround doe
Q. Prepore Cauk 1of MESC lrcrafer 60| 30 2|Operaton 761 200i 20
] Prene Mover Cperator 15 0. 0S| 2
& _CrawOpersior 20 05 05) 2
&0 Rodiation Protection 108 87; 2
ol. 5F8 St Doot. 20 2 00 233] 07
Sepa 0 O} Prime Mover 15 ),
0|Crane Operator 2 )
D) Rodicrion Protection 0 87 X
b. Algn Cosk Wih ISFS1 [ 0| Opergtors 0 87 87| 20
60} Prme Mover Operctor - 15 0S| 0.5 2
&0 1}Crane Operotor 0 __ 05 0sl 2
0l 1|rodctionProtection 10871 821 20!
. Prepcrs Trarster Equipment 60 30 2|0Operaton . 2. 1{ 700{ 20
60 Prine Mover Qperaiar 15 051 051 20
] Crane Operator 2 0! [
80, Rodiation Protection 0 .7 871 2
o Tronster MESC From Caoek fo ISFSI 1) X 2|Cperators D87 8.7 2
) Prircne Mover Operator 5 05 03] L
0 Crone Operator 20 0S5 03 L.
0 1RodctionProtection ‘10 8.7 44] 1.0
®. Close 15751 Storage Door 30 30 1jOperator 2 701 350 10
30| 1{Pryne Mover Dperctar - 14 0.5 03] 1.0
30 1{Crane Operator 20 0S5 03 1.9
30 1 Rodation Protection 1082 ad] 1.0
[t Prepcre for Warepartation of MESC On-Site Tronsfer Cosk rom 0.0 0.0
[=5] 0] 30| 2|Opwerators 2 35|  350] 20
0] 1|Prme Mover Opercter 16 081 05| 20




Table Al-1. Utilities-Reference (continued)

@l {Crane Cperator 200 05 05! 2
00| llan:!’ial Frofecion 10082 2 2
Tobot 30 1,100 2902] 417
14. Transtes MESC o ISFSt o
)] ek cssume ISR bockground dose
a Prepare Cok for MESC Transfer &0 . 4 2 0 00| 2
40|__1|Pme Mover Operior__ 15 ol 0.0 2
40| Operatar 2__ 0 0] 2
00} Rodation Profection 10 o ool 2
b. Algn Cok with 6FS1 40| 30, 21Operoton 2 [ 0] 2
[ Prime Mover Opercter 15 0| 0.0] 2|
_0 Crane . 2 0 00
00 {Rodiotion Protecton 10 1) 00l 2
‘ <. Open IS5 Slorcge Docr p Operators 2 2 23 07
0 Prime Mover Operator 15 05| 00] O
of Crane o ~ 20 0S| 00
0 ion Protecion 100 87| 00] ¢
___d Prepare ikrster Equipment &0 - F 2 7ol 700 2
{ Prime Mover Operator © 15 0.5] X 2
{ Crore Operator C20: 0.5’ Q5] 2
[ Raciation Projecion | 100 87 3
. Trarefer MESC 10 Tranafer Cask 30 0 2 10 87 3.7 4
0] {Prime Mover Operator - 15, 65] 0.3
: {Crane Operater . 2008 03]
201 Rociotion Protecion__:_ 10871 44!
t. Close ISFS Shorope Door 30 0] 2iCpemons 270 7200 20
— 30 Prime Mover Operdtor 15 05 031 1.0
30 Crane Operotor 2 05| o3l 1.0
0 Rodcticn Prolecson~ 1087 44 1.0
g instoll Cas Closre 55 ! :'}qumm C 2 70| 1283 A7)
! Prime Mover Cperoter 15~ 08| Q.51 1.8
! {Cronwe Opecater . 2 05 Q.5
85| {Rockction Profection 10 87 8.0/
. Prepore o lviove Off-Site Tranepontotion Cask from BF3 Stol : | ool 00
Yad &0 30 2|Cperators 2 00 Mo 20
| | Pame Moves Opecotor ©_ 15 0.5 05 20
S0 Operater 20 _0S 05 20
0, Rodiofion Profecion 10 87| 87] 2.0
Tokat %6 130 4084} 51.8
| i
Mwmmmm cmgne pool bockosound 3 frem/ty
a Move MESC/Cok to Stogging Area 30! 2{Opergtory 1 7 83
30| Prne Mover Cperatar_ 15. 05| 03] 1
30| jCrane Cperator Y 03 1
%] [Rodcfion Protecion 1087 44] 1
b. Open Prec Area Door S| s Cperatar © O 00 03
<. Remove Crak Resrainty 60 0 Operaton 2 3 o40| o6
d Remove VESC/Cok from Traneponer ‘SF &5 2jOperaton 0872 131
&5 ICrone Operator. 2 05 D4
dl. Ciose S Areq Doot. 5 &8 IOperator 0 0 00} 2
». retall Cosk Lid LN Device 20[ 20| _2{Opertors 291 a1 20
lo] {Rogman 0_ 87 15| 05
10 [Crane Operator 2 0.5’ 0.1} 0.5
1._Looser/Rernove Comk Ud 90| & 2(Operatrn 2 o7 1458 48
20 Rogman 1087 29 1
20 ICrane Operator 2 0S5 a2} 1
g Set UpBemole CulingEaupment | 45| _ 30f Welder 2 9N M5
. 10] Crane Operctar 2005 0.l
h Out MESC lid 3000 OlRerncte ] of 00 ©
L Remove Arruis Cutting Protection 101 10 or 29 162
j Remove MESC Outer Lid 2! 20 tor 2 o7 3231 L
D Ragmon 0 37 151 O
0 Crone Operdter 20 05 0. [
& stoll Amus Cutting Protection 10/ 0 2{Opecators 2200 733
[ L instcl Remoie Cut EQuioment & 0 Weider 220 10
104  Operator -] 0.1
m._frner Ud Qe 000 0l Remote 0 ol 00! 0.
n_Remove Ciiing Equipment 20! 20 1{Weider 2 20 733 10
10 1]Crone Operator 20 05 0. [
o. Al Anfuas with Deminercized Woter E 2|Operators 2 S%] s90 X
p. retall MESC Contanination Protechion 0 0 2|Operators 2 220{ 200, 3.0
Connect Avuis Root Hoses S 5| __ 2iOpergtors 2 220; 3.7 05
1. F MESC Wth Woter &0 60 2{Operaton 2 59| 11800 6.0
s, Attoch Cek Yoke fo Crone 10! 10 1jCperator 2 0 00| 05
10 1jRagman 10 0 00} 0S5
10 1{Crcne Operotor 2 0 00/ 0.
1. Engage Yoie jo Cok 25] 251 1|Cperotor 29 _246| 1.3
25 }Rogman o 8?7 36l 13
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Table Al-1. Utilities-Reference (continued)

25|  1{Crone Opecator 2] 05 1
w. Wiove Camk to Fusl Loading Pool Roor X0 30| 2|Operctors 10! 0 [ 3
0 Crane of 20 0 [T
] v. DissnQape Yoke From Comk _ 20 TQ_a_u_gr__ 30 ﬁot C
2 Ragman 30| 0 1.0
2| Crane Cperatar - & 0]
'w, Remove Yoke From Pool 30, 10]  2|Operxtors 10 0] X
0} Rognan 0 [
0l __ICrane Operotor 0o
Totat 2650 998 11233
16. Untood SNF from MESC/Transler cassne shieided 1o 0.5 mremAY
] a_ SNF Grapple Attached 1o Crane £ 1 2| _QJ 0.5, 0.
b, mmﬂm.(lzutxgm
H1. Rme for conk 2501 250! | 20| 05!
& Lood SNF into conk 0 0 2 20 0S 1
Total 3%0| 30 ] (3
|
‘11.munmdg.s_canmmm MLENS bockf nd dose 3 me 3
nmmmgmmbom 5 2 2 0 u.g‘
1{Raoman 10 D 0.0
1{Crane Operotor 20 [ 0.0
b. butcl MESC Shield Pug 20 DI OjRemote 0 0 0.01
{ e.gm\'ahob@dt [ [3 |Cperator 0 0! [T
‘5_'7 Rogman 0 [ oo] 03
[3 |Crex e Operotor L ) 0 0.0
o Lift MESC/Comi to Pool Surfoce 5 2|/Operaion 10 0 0.0}
8 Crane Cperatar 1) 0 [X]
«. st Sheld P Retaines 10{__ 10 Cperctor 2] 1 18
1. Ut MESC/Conic into Prep/Decon Arsa 0] 25 2|Operakon 10! 0! 04] ¢
(use decon buiding bockpd dose) 0 ICrane Operctor 20| 0! a3l 1
Eomvmmcu S| S Coerator 2 1 09 0}
[ FAogman 10] 05 0.1
"5 1lcone ot 2005 (]
. Rernove Shieidt Pug Retainen 10f 10 LOpercitor 2 N 18] ¢
i Decon MESC/Cank and Yoke 120] [ ICperatar 10| 05 [.T]
El_ Grone Opeccfor_ Y
gmg&mm 10! 10i Cperator 2 [ 8]
i Porticlly Drain MESC ond Amuls 204 2 1 or 1 100 05
L Remove Arveiks Sedl 10] 10!  2|Operciors I 37
'm. Check MESC/Conk for Cortaminofion 30 10]  2|Rodiation Protection 2 a7
3 Dran Oy ﬂ Cperator : )
bb. Floce Cank Lid 10 of 3 )
1 'Rm 10| 0S5 0.}
] Crae of 20_0S| Q1
cc. Decon Camk 30| Opercton 2 1 1.0, 1
0] 1 Opwrotor 20! QS 03]
od _Perform HP Survey _ & 2| Rockation Protecion 21 1 2.3 07
o0. Secuze Conk Bolted Lid 0 0! 2 2 1 1 E
Total 68| 480 H $ 492 144
HE |
18, Unicaded rantiet- Ganume No backg ound dose
[ Overpock lor %1 H RERRTES
a Open Stoging Arec Door, ! 3 0 o : 0O 00} 0.0
. Move Or-3te PM and Traneporter 10 Stoging Aea P10 10 Prime Mover Cperator i 151 0 0.0 O
. 10 [Trareporter Qperotor 18 D 20 O
. Untiich On-Site PM | [] $ Prime Mover Operotor | 150 D 20] 0.
dgﬂYmnmm 104 10| of 2 11 8] O
: 10| 10 &7‘ .8
0] Crone Operotor__ 201 0S5 ol
dl. Cose Stoping Area Door, simuitoneously [\ Cpecator 0 [ 0.0 O
o. Ploce MESC/Caosk on Tronsporie: | F-) 5 2{Operators 1 10 87 133 O
{ 45 Crane Operator | 201 0. 04 QO
t. Pectorm Relecns HP Sufvey 60| 0! 2iRadation Profection 2! 1ol 0
. rstall Conk Restrants &0 &0 2|Operctory 2 290 ).
[ Open Prep Area Door S [| Operotor [T .0] 0.
[L Prepcre Trarwter Popers 0 0O 2.0
LMNESCE!QMMWMO 30| 10 Prime Movec Operator i _ 15 ) 0.
LMMESC[C(*'DES &0 30 2|Operctors 101 8.7 8.7 O
0 1)Pime Mover Operator | 151 0.5 03] O
30 1|Crane Operator 20| 0.5 03] O
30 Radiation Protection 10, 87 44] Qf
Tofal 280 365 ] | &4 o
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Table Al-2. Utilities-TSC

!wmwc«tmuscdmum ] TRal mremty Jeockground
Revised 20 Moy S4HWG Juct coems
[Dwect L 97icreq  idoee
Lood 1SC for Rall Shipmerd Mﬁnj por _ crane ¢
Sepe(1 2IAS) 717 142] comk i decon 1
Lotera Sdn poal .
{Locd TSC for Storage JStoroge cox mremay J5F8 F. |
Stepe(1.2346) 782 152 vajuam 1
et ¥ ]
Gt TSC from Storoge for Ral Shiprierd {outer [
492 37 Ix_cosk i)
Loterc Sdn 0
R
! [ E
| i F o3
. K4 ;
g1 BEE
¥ 3 8
"= H [-3
3 3 § g 9
| Conk Honding Operafions _ 2 [+ 2| O &
1. | Iocokourdoododﬂ oaxsme crane orea bockground
Bils of Locing, Other 0 10 Operaior 0 0: 10| O
b moemommemm 10 Prirne Mover Operator 15 . 0] 0.
[ ¢. Hich OnSte Prime Mover 10 Prime Mover Cperator 15 : )0, Q.
A Perform Receit H> Svey 40| 40|  2|Rodtion Protecion 2 i 00
&, Move Cax 1o Protected Aleq Gate 20] 20| [Pime Mover Cpercter] 15 > 00| 0.
1. Securtty rupecton 30| 30|  2|Secuty Offices 2} T 00| O
Prep Area Door S| 3 Operator 0 [ 00 0.0
h_Mowe Cak o frep Ared _30] 30 Prime Mover Cperator 15 0 00 o._q‘
L Remove Personnel Bamer/impoct Umiters 90 90 Cperaion 2 0i 00| 08
Crane Operater P ol 00
i Cicse Prep Area Doot [ $ Cpergtor ol 000
& Remove Casi Restrants 60 60| _ 2(Opwoion F i 0.0l O
L WW¢WW 2 F o) 2|Rackstion Protecion 2 : 10 O.
(. Engope Yoketo Cok S Operctors 2 00 o
ROgnan 10 : 0.0 O
Crane Opercier 20! * 0.0
n_ Uit Cosk srio Prep: Areg £ 2{Operorn 10| ) 0.0}
0 Crane Cperator 20! ) 00} 0.1
Totol - Receve SdISC 385] 3¢ 00| 24
2 ISC for .in Pool CERINS PO oG
a _instoll Sveid Piaitoan 30 30| Operatar ) (! 0.0 1.5
| "o Attach Gos Samping/Vet Equipment S S Operceor 2 ) .0] _ 0.3
¢_sample Gos Covty 0] 0 Operctor__ 2 ) 10 15
d_ Vet Cosk Couty 5 g g jOperctor_ 2 00
». nstall Cosk Lid Uning Device : 2] Oparions 2 0.0 2
i 20 IRogman 10 0.0
. ¥ Crane Operaier 20 G0
1. LocseryRemove Cask Outer Ud &0 &0 Operutors 2 . 0.0
— 60 Ragman ] i 00
&0 ICrane Opecotor 2 000l 3
[ Al Cak with Wolw 60 o0 2 2| 000 &
h_Remove p/NVenting Equipment ) [ 1}Operator 2 0: 0.0f
| _i_Loossn Comk kel Loo-ncumruam H 20, 20 _2i0pemcions 2 [ 00{ 2
i g;_qwca(v&o 10 0! ot 2 0- 00| 0
0 Ragman 10| [ 00| O
0 Crone ot 20 H .0] 0.
| k netall Cortarmintasion Protection on Comk " 0 0 2 2 i O EY
L Remove Seeid Rctfom 0 30| 1 1Cperarar [ | 2.0
m. Uit Cosk onto Pool Aattormn 20! 20| 2|Operotors 10 C. 00l 2
20 1|Crone Opercier 20 0 0.0{ 1.0
n_Remove Remaining Lid Bolty 30 30}  2iOperators 2 0: 00[ 30|
o. Lt Caxk to Pool Bottom 30| 30 2|0pergon 0 0! 0.0, 3.
30! 1{Crone Opercitar -40 C. 00} 1.
p. Disengope Yoke 3 10 10| 1{Cpemitor 0 o] 00 0O
: 10| 1{Rogman 30 0 0.0{ O
] 10 11Crane Operator 0 0 00| 0.8
o Remove Yoke and Cask Lid from Poot M 20 20 1 [OCparater 2 2 00] 1.0
i 20] _ \jRogman 10 0 0.0 1.
20! VlCGrone Operotar 2 0 00l 1.0
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Table Al-2. Utilities-TSC (continued)

0] uxq
}
26, 05 _ 02 1
i _____0D
0.5 42{ 254
20 [T] 12| 7
[¥3
4. Prep TSC fom Poot
] (acale up fom fruck for ana of dameten 2D caxme Poal area
a_Fwpect Cok Sed (sciarneter) ] 20 2 iOperator 2 0.0
b. Ploce Cask innee Lid and Yoke 28] | < 0| 0.0)
25 mcy 0 0.0
251 |Crone Operator 40 i
[T, 0% Camk to Poot Sustoce 10 gors 10 0.0,
10] _ liCrone Operator 20 ).
d et Two Conk Ui Bolls ] [] [3 Cperctor 2 (2
o. Ut Conk info Prep/Decon Areo j 2 2|Operciors 10) 18 2
] 20, Crore Operalor 20| 0.5 1
1. Decorsanicts Yeke and Corissdiameter) ) 80 80 rotor 10 8.7 1 4
80 Crane Operator 2 05 4
g mv«owwgmc& ! 10] 10, {Cperator 17. ‘
10 IRogman 10 [¥2 [©
ne Coeroier o5
h. Aftach Vent and Drain Lines I3 Cperator 2 97
L_Drain Cosk(sdameter) 10| _ 35 Cperator 2 17
3 P Ssvwsdumeten) 20 35 2{Radiction frofecicn 2 .
k_Secise inwr Comk Bolted! Udiciameter) 85 551 2!Cperakrs 2 97 7728
1. Poce Cask Outet Lid and Engooe Voke 1 10 2|Cperciars 30 0 0.0/
1 Fogrman 30| 0
IR L) Crane Operator o 0 09
m. Secure ouler Conk Bolted Lid §5] 851 2iCperakrs 2 60 1100
n wmwmw 10| 10| Coerator 2 &0 0.0/
&._Dran. Dry. ond nert Cosk(sciameter) 160] 160! Cpenctor 2 17 &3
60 Operotor 10 87 232 ¢
Remove Drain , ond 10{ 10 Cperctar 2 60 10.0
Perionn Leck Test on SeckKs:diameter) 20, Operctor 2 17 57 K
‘w-r-gmmm 685] 928} - 4763
{6 TSC trom Pool areqa foi
{scnle up trom fruck for orea ot dianm I.Q__:cgorw 12| camsne rud bo
o Open Prep Area Door 5 o [
b. _Wove On-Ste PM and T o O Areo 10 Prine Mover Operctor) 15 .
c._Unhich On-Ste PM 5| $| iPrrne Mover Operator 15 Q! 1Y
d_Engage Yoke fo Cok 10 0l 1:Operater 2 1 28] O
0] 1{Rogman 10 _8&87 5 O
D __1]Crarw Operator > o5 0O
‘ a1, Close Pool Prep Avec Door, smuftarsculy with 2eo d 0] 1{Opercier [} 0
(o _Poce Cask on Trarwporier & &5 2|Opercin 018 2
[ &5 Crone Operator 200 0S5 [ V]
1. Perioan Reiecwe HP (zre0 ~ckyneter) w‘ 3 2{Radiclion Protecion 2 <] 502
k mww@ 35 3 2|Operotars 2 2 373
k-] jCrane Operator 20 05 03
h_swicl Impoct Limiters(sareo <iameter) 85| 55| 210pemions 2 2 S8
| Cane Operator | 2 05 05
IL Ssicl Persconnel Bamier(speriphely) o) S S 2 R 14
35| Crane Operator 20 05
|L_Freooe Shporg popes _ LT B go
ﬂmmm [ Cperctor [}
L #sch On-Ste Prime Mover [ Prime Mover Operater 15 0.4
im. Move Cauic 1o Protected Arec Gate X 30| Prime Mover of 13 0.
Perforn chwck $ $ 2iSecusity Officen 2 1 28]
. Undhiich OnSite Prime Mover [ [ IPrime Mover Cperotor 15 05 0.0 00
] with other cask Cars per rain 40l 60l _2icpercloral 15 1.2 24] 0.
g__Hich Off-Site Prime Mover 5| S| 1iPime Mover Operotor | 65 ool O
Wo!ﬁ&MM&MHM’ A40] 645 061
6. Prep ISC fof Storoge(1coie_up from truck for aned of Some 2i3c0ie perphiye> 1.2|oswurne s dose urel i}
a.  Cpen Stoping Area Door [3 0 11Cperator 0 0.0
b MWNNTM”MM 10, 10 1 !Prime Mover Opercior 15 0.0
10! 1[irareporter Operoior 15 0.0
¢ Urhiich On-Ste PM $ 3 Prme Mover Cperotor 18 D Qo
_g_m.‘ld:o'om 10 10 Operotor 2 17 28
10 Rogmon 10! 8.7 1.5
10/ Crane Cperator 20 05 [}
a1, Close Stoging Avea Doot. STt wosly 0| Cperiar 0 0 0.0
e. _Aoce ISC on Trareporter a5 &5 2{Operatons 10 8.7 13.1
45 Cyone Opecator ) 0s 04
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Table Al-2. Utilities-TSC (continued)

. Perorm Relecse HP Survey (50 clameter) 110 [
il Conk Rectraind (s pedphety) 70 2l 2
h Area Door S| 0 1)
L_Prepare Tronefer Poprs 30, 9 9
Move T5C Outide Protected Aveq 10 5| - 05
‘K Move 15C 1o ] &0 10 8.7
05
2 [-Y]
10, 8.7
Ursecisre Cak rom lrarwporter 2 [
ame SR ko) 18 05
10 87
Aoce Conk on Pod 40 2 5%
15 as
10 a7
n_RetmnTi o ligndfer Foclly 10 05
15 05
! 10 05
Tobal - Prep ISCfor Storige £20] (35!
TP TG rom 751 fos ppinge2cie vp orm ek fof e of VD
. 1.8]3coie > 12
a mmmoa&n Comic From BFSH
- Storoge Yard [ &0, 2|Cperciors 2l 197
&0 Prime Mover Operator 15 [T
[] |Crane 20 [T3
&0 Radiation Profecion 10 a7
b WMH?WMM 70| 70| 2|Operctors 10 [¥]
70 Prime Mover ot 15 0.5
70 Crone Operater | 20 as ]
7 Rodiahon 2] o
< Decontaminate Ciusk (sare) 1No W0 2 2 £
Of neeciedd 1 |Prime Mover 18 0.5
o] lGaone 2] 05
[ 1|Radiation Protection 10! 4.7
dnetcll Conk Redrairds (sperdphedy) 70| __70 2l A&
70} Prime Mover Operctor 15| o
70} Crane Operotor 2 0
70| Rodiation Profeciion 0] &7 :
. nuggo_durlm(:mhrooo) 70| 110] __2iOperaion 2 a3
10 Prime Mover Cperotort 15| __ 05
10 {Crane Operotar 20 0.5
10| 1 |[Rodiation Protecton ol &7
nesoll Personnel Bosvier (x perphery) 35| 35! 2iOpension 8
33 Prane Mover 15 05 )]
3» Crane Operator_ 2 .13 1
35 |Rodiction Protcion 1 &7 1
and Shpping Boy Docr, simefioneously wih 8. | 0 of O
Hich e Prime Moves 10 10 Primne Mover Operator 15 1 0
® Papers 201 0 Operater ) Q!
h Move Crak fo 554 Profected Area Gote 10 O] 2|Cpercion [% [Y
(mumu_mmmumm) 0! Prirne Mover Operctor | 0. [
(mmmm-mwom 10! Crone [k
10 Rociation Protecion [
['n1 pertorm Secuty check S; S| ISecunity Officen ] 28
L_unhitch On-Ste Prisne Mover 5 it Opercion 3 1S
[3 Prime Mover a0} o
with othir cask cors pet train (cssne 3 cam) | 0| 60|  2joperciotsal 24
Hisch Oft-Site Pmo Mover S 5‘ 2|Operatan ¥
| 1]Primve Mover Operior] 00
|m~mtscm._mmmm $70]_1,6585] 1 24) 37,
A-18
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Table Al-3. Utilities-MPU

Direc?  jBod lSum [Lict doses frvemity
(pemon-Twen) crea
T4 N[ 1855 cuder 97]crone
ook id decon 1
__ L”‘ podl
Stops - (13454789 202 94| 2.0°%¢1Storoge cok mremAY |sra
;lkdom ]
{Load MR for Storage 20|l
&-(IMAJ,W) 1,565 79| 1743 oxster o
JTo/Ix_conk bd 708
lood MPU for Sioroge with Trareter Jicterct San 79
‘ Stepe - 1 3454.78.10) 2281 02| 2.348]
MPU from s fox
Sepe-1.12) 798] 7] 55
1 §
'Ez £
z o % é E
: 5 : e
.y % 3 5'
Cosk Hondling Operations g gl [ = g §|
1. Receive Emply MPU
Q fills of , Other 10 10! 1
b. Take MPU Ko Worshouse [ 80| 1
[c_Upend MPU ot Warehouwe and Store X :{ 2
d. Relecee Oft-Site Prime Mover (PM) 10{ 10
o. Hich OnSte PM 10] 10!
1. Move MPC 1o Protected Atea 20] 20
I 2
h._Cpen Staging Avea Door S S 1
L sove MPU to Prep Arec 30! :n_)]r 1
Parform - HP of MPC 0 0| 2
1 3 mmm»m [3 2,
— 3
k1.Close Ao Doct, smutonecs $
L_ Lt MPC o Prep A o 0 2
. X ]
Total 200f 366
2. Receive Uniooded Univendl- .
k OMPUY
a bils of Ottt 10| 10|
b. Relecse Off-Sie PM 10, 10|
¢ Hxch OnSite PM 10, 10
[ d Perfarm P o O 2
. Move Casi o Protecied Area 2 20
t 00 30| _ 2isecutty
g. Open Stoging/Area Doot & 3 Cperatar 0 0} 0.0,
h_Move Cauk 1o Prep Arec 30| 30 Primve Moves Operotor 15 0f 00} 000
L Remove Persormel BomerAmpoct Umniten 90| <0 2|Operatorn 2 0 00| 0
%0, Crane Operator 10 [ 0.0,
Cioes Staging Area Door &) Cperatos [ [
k. Remove Cosk Restrainty 60| 2|Operators 2 0 0.0} ©.
L Perdorm Prefminary HP Survey & 40 2|Rodiotion Profecion 4 0 10!
m. mv&.bcar [ [3 Operatar o o .0}
3 Operator 10 [ 0|
S Crans Cperater 2 [ .0| O
n Ut Cok into Prep Ared 20 0 2Operatorn 10 o} D.0| ¢
0 Cranw Operator 20 0| 00| 0.1
Total 385! 515 00| 24
3. Becelve Unloaded lrsie-Overpock: 15451 To Prep
a Movs Coxk to Storage &0 60] 2{Opercton 10 0 00l 0S
80| 1}Prime Mover Operator 151 0 00{ 03
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Table Al-3. Utlities-MPU (continued)

_&0 0)
&0 [ 0|
b. Relecwe PM 5 ) 10 0 0.0
[ Prime Mover B 000} 00
Crow 2 o| 00{ 00
Rocation Profection _10. [ 00] 00
¢ Kich OnSite Fiv 10 0 2!Operators 0 0] 00| 0.1
0! 1Prme Mover Operator 15 0f 0.0 00
10 1jCrane Operater 20- of 00| 00
10 11Rodotion Proteciion 0 [ 0l 00
d_Move Cosk 10 Protected Areo 2] 20 2{Operatons 10. of 0.0] 02
20/ {Prne Mover or 15 0 00| o)
2 Cane 2 of _ _00] o
2 1Radiation Protection 10 %! aol o
e Secustty repeccion £ ] G Z EF_ 13
1 Prep Dot 3 3 {Cperater —_— ) o._oI .0
2 Move Cosk o> Prep Area 0| 30 Prirne Mover Cperatar 15 0 0.0] 00
[t Relecme PM s 8 Prene Mover Operator 15 ] 0.0] 00
™" Giose Prep Aveti Doot (uee decon bockgroundD S{ 5| _ 1Cperoior — o o0l ©
1_Periorm Pretmingry HP Survey 4] 40| 2iRadiation Profection 2! [ 0.0 1.3
&_Decontamincte Cok 60| & 2|Cperatons : o] 0.01 20
[ Remove Camk Restrainks 60| 60[  2|Cperaton 2: of ool 20
m. Perform HP Survey o & 2|Rodation Profection ] of 00} 13
n_Decontaminale Comk &0 60| 2iOpecaton i of 00 20
[ o Engoge Yoke o Cok 5| 8] Operctor 2 o o0 01
5 Cperctor 10! 0| 00] o
3 Crane Operater 2, 0] 00[ O
[ p. R Coskintto Prep Ateo 5] 25| _ 2iO0pertons 10 ol 00] 0¢
25 Crane Operctor 2 0 0.0] 04
rﬁut a0 780 0o 125
4 Lood WPC ido Universol - of
jor-overpack
(a0 Algn MPC with Comkc ol _10; VOperafor 2 o oo 0
10 1|Cperator 10 0 00l o
10, 1;Crane Operctor _ 20 0 [T Y
b _Lower MPC info Comk 2] - 2{Operctors 2 0 00| o.
20 Opecator 0 00} 01
20 Crane Operator 2 0ol 01
['<_Csengoge ond Remove Uiting Device From MPC 10 0 Cperctor 2 0.0] 00
0! Coerater [ 0 0.0 0.0
0.0 oo
Q. Vedly MPC Configuration for SNF 0] 10 2iOperaton 2 ] 00 o1
. B ATuAs with Deminerciced Waolel 30| 0| 2|Operaton 2 [ 0.0
f._ et MPC Conicininahon Protecion E 2|Openaton 2 [] 0.0]
g Comnect Aoratut Roct Hoses S 5 210peratorns 2. [ 0.0
8 MPC With Water 0| &0 2{Operctors 2 ol 0.0
total 176]__ 245, X 00! 17
[ MPC/Universicl of N H
WMPC/Tronsies ot Pool H H
a_ Attoch Conk Yok fo Crane 10] 10 Cperator 2
10 Rogman ]
10 Crane Operctor ]
b._Engope Yoke to Comk 25| 25]  liOperotor 2
[ iRagman 0
25 11Crone 20
c. Move Cak %o Fusl Looding Pool Roor ! 30| 2|Opecctorns 10
% 1{Crone Operctar -
[d_Dsengope Yok, From Cosk 22 1Opedtor )
20 1 20
- 1:Crane Operator &
e R Yoke From Pook 10 ol 2:Opemitors 10
0 ﬂl‘m 10
10/ 1 iCrane Operator 20
total 9% 256
6. Lood SNF info MPU/Univenal ]
ot MPU/Yransler
a SNF Grapple Atioched fo Crone. . 10 10 2|COpergton 2 0.5 0.2 1.04
b. One SN Assembly. (12 ihin. per casembly) 0.0[ 0.0
bl. Tene tor 4 eletnent coxk 250|250 2:Opaergtors 2 0.5 421 25.01
< 100d SN Into MPU 70 70 2'Operators 2 0.5 2] 1.0
Yora! 330/ 380 + : sS| 30
7. Prep MPUUnivenial of 1
MPU/Tcanster trom pool |
o Altoch MPU Shsid Pug Ut Fxhuse fo Crane s 5 2{Cperators 2 0 00 0.5
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Table Al-3. Utilities-MPU (continued)

3] 1lRognon 10! o 0o _ o3
_S! Il&cnOpuu'ot 2: ) 00l 0
b, st MPU Sheeid P 20 20 OlRemcte 0 [+) 0.0 O
€. _Engoge Yoke fo Cok §1 1IOpemtor 20 [] 0.0
8| 1{Ragman 30! 0 0.0f 0.
5 1{Crane Operoter i 0 0.0
| d Lirt MPU/Camk 0 Pool Sutoce S $) 2{Opescyiors 10! 0 0.0}
5 1{Crone 20! 0 00
LLe._inctal Shield Piug Retainen 100 100 1|Opertor 2 2 347
[ Lt MPU/Cosk into Prec/Decon Aredt 2l 25 2{Cpemton 10: 1 92
EY Crone Operotor 2. 0.5 03
g Dsengape Yoke from Cosk H }gpudu 2! s a9l o}
1 10 1 09 0l
: Crone Operottor 20! 0.6 ool o1
T Rernove Sieid Pl Retoinen ~70|__10]__1|Opemter T 200] 367
L Decon MPU/Cosk and Yoke 4!_@{ [ 101 11 165} 1.
| Crone Operator 20, 05 o_.a+ 0.
[§_Hook Up Droin Equipmant 10] 10| 1|Cperater 2i 220 387
{ic_Particly Drain MPU and Avais 20{ 20 1{Cpeeator 10: n 37|
L _Remove Arwis Sedl 10 10| 2|Cperators 2; 220 733
m. Check MPU/Cask for Condominciion 2 0 2{Rodiction Protection 2 59 9.7
n_ el Ak s Weldng Protection 10 0] 2[Opercrions 2. 20 733
o. stcl Remote Wekdng Equipment &5 0 [Welder 2 20 110.0
0 Crane Operator 20! 0.5 0.1
p._thner Lid Weid 1000; 0! OjRemole 2 00 0
| @ Petform NDE on Weld 30 20] 1] GA Wekier 20
[r._Remove Weiding Equoment 20 2 [Weicier a __ 220 73
0 Crans Operator _20i 0.5! Y]
3. _Drain. Dry. ond bert MPU 350 0 Cperctor 2i 220 3.7
350] __tHOperctor 10! n X
11_Remove Drain. Dry, ond heding Easpment 0] 10| \Opeeatar 2! 220 367
u_ Pedonn Leak Tests on Sed Weld 2| Cpertor 2 37 23 2
v. Weid Vave Cover Aiotes 90 Waldtar 2 20| 3300
w._Poce MPU Bd 210 Cpetor 2 o7 42!
10 Rogmon 10: 1 8
0 Crane Opercior 20 0.£ o.H
%_Set Up Remote Weldng Equpment B0 |weicer 2o _assl o
1] }{Caw Operctar 20: 0.5 0.3
y. Weld MPU Ud 1000 of _ OjRemcte Oi [ 0.0
z_Perdomm NOT on Weld 30| 20| )|GAWeider 2i 7 3231 oy
| o Remove Arvaiss Weld Protecon 10 10! Cperator 2 97 1621 0.2
bb. Poce Cosk Lid 1 10) 2! 70 1.2 o2
10 Rogman 10- n 8
10] iCrone Operciter 2. 05 Q
cc. Decon Cak 0! 0] 2iOpecton 2 50 500 .
30 1iCrane Operator 2 05 03
dcl Pedorm HP Survey S 0 2|Rodotion Protection 2! 50 »3 07
ee. Secise Cosk Botted Lid &0 2|Opeeators 2 70 14001 2
Yotal 3105 N0 ) 14161 269
8. Tronsier MPU from Transter- 1
| _overpack fo Univanol - ] 4
overpock : i
a_Open Stoging Ared Doot S 0 o 1] 0 Q0 0
b._Move On-Ste PM ond T o 10 Stoging Arec 0] 10 Prme Mover Cpeeator 15 o 00| o
0 Trarsporter Operater 15 o[ 0.0
c._Untitch OnSte PM $ 5 Prme Mover Operator 15 9% 0o o0
d_Engage Yoke o MPC/Cok 10 10 o 2 17 238
[ ) 087 £
10/ 1iCrane Operotor 20! 0.5} Q.
dl. Close Staging Area Do, smistoneaualy wih Step o ol 1Opetotor 0 [ 0.0
[e_Ploce MPC/Cosk on roreporter T & &1 2lOpeoton_ 10, 87| 131 o4
45 1|Crane Operator 2. 0.5 04] O
1. _Pedom Reiease HP Suvey €} 30| 2|Rodation Profection 2: 50 590 03
rwics Cosk Restroints 60| 601 _ 2|Operotors 2 2 640
h_COpen Prep Area Doot _ 5o or [N 0 00| ©.
. Prepare Transfer 10{ ] Operctor 0. 0 00
Move MPC/Cask Outsde Protecied AreQ 10! 10! Prime Mover Operator 15 0.5 0. 04
¥k Move MPC/Cosk to Transier Area 60 0 y 10 8.7 87 0O
20| Prene Mover Operctor 15 0.5 03] oy
) {Crane Operater 2 0.5 030 ool
30 1{Rodiation Protection 10. 8.7 a4l 00|
L Prepae Cox for MPC Trarster 0] 301 2[Opuators 2 70 7001 1.of
&0 1|Pme Mover Cperaior 15 B 05l .of
60| 1|Crons Operoter 2 0.5 0.5 1.9
60l 1|Rodanon Protection 10: 1 nof
m._Engoge Crane to MPC Lift Attoctynent 10 5 1{Cperctar 2 304 33 o.%‘
100 t{Rognon 10 ] 18
10{ __1[{Crone Operater 2 0.5 0.} %
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Table Al1-3. Utlities-MPU (continued)

Ln Verical nent of MPC 10 Storape Cok 10 10 11Cpenator 2' 97 16.2
o, e Operaion 1o () Shisided Aveq S [+ 0{Cperoiorns 3 [+) 00| O
ol. Gioss Trarefer Room Doons [ 1 oJl 0 0.0 0.
Boise MPC Wom Stonoge Comk | 0 __OjRemote : 0 00| 0 ~
q Move MPC Over Trcsmsport Comk 5 0 O] Rermes [] 0 00| O
. !ﬂvmmmawcbtgmca 10 0| O{Rernote 0 0.0{ 0.0
3. Comect Verical o) 0 D{Remote | [ D.0) Ty
t. Lower MPC info Troniport Cosk 4 0 0[Remote ol 0.0] O
11, Cpen Trorster Room Doof 0! 0jRemots 0| 0.0
u_Roddtion ond Conkimination Survey 10 10| 2|Radiation Frofecsion 2! 43 143
v._Remove MPC UR Attochment from MPC ol 20 zlw 2 97 647l 0.7,
15 10 8.7 22
15 Craw Operator 20! 0.5] 0.1
| w. mmamwcmw 10| [] Operctor 2 ¥4 33 ol
10! Rogman 10 8.7 1.5 ¢
[} Crane Operotos | 2 0.5 o. [
x Poce Cak Ud 10, 0/ Operctar -2 97 18.4 [:
0 Rogrman 10} 87 1.5 (
10 Crane Opsrates 20: 05 01 ¢
y. Decon Cok | 30 2{Operators 2 50.0
30 Crone. o 20 05 0.3‘
2 Pertorm HP Survey a5 20 2{Rodikation Protection 2! L] NI 07
an. Secure Cosk Bolted Ud 0l & 2|Operators 2! ] 1180l 20
Tobat $10] 496 8782 1
Q.MMM :
from ool § fot
o Open Stogng Arec: Door S [*] Operctor [+] 0 .0.0] .0
b. Move On-Ste PM ond Otf-Site T o O 10! 10 Prime Mover Qoeratar 15 05 0.1 ﬂ
c._Unhitch On'Site PWI $ 5 Prirne Mover Operaitor 15 0.5 0.0] O
d MYdubM?Ulcat 10 10 1jOperctor 2 14 28] O
10 1{Rogman 10! .7 1.4 ).
10/ 1]Cone Operctar 2! )51 0. ).
dl. Close Arec3 Doot, SUITTNes 0! 1{Cperator [} 0.0 ). -
». Poce MPU/Cask o Trorsporter 45| a5 2|Operaton 10 1 27, 04
= 1|Crone Operctor : 04 [V %
{1_Pedomn Shipping HP Survey (] 35 2iRodcation Protecion 2: & 502 0
-3 Neutron Shisick anid irstall Cosk Restraints 35 35| 2{Operctorn 2! 321 37.3 0.3
35 1{Crone Operotor 2 05! 03 o1
h_ il Impoct Limitors £5 55 F 2 32 58, [X3 P
S5 Crane Operoites 2 0.5 as A
i _twtol Persornwel Bamer 70 70, 2|Opergtorns 2 32 747 0.6
35 Crane Operctor X 0.5 03] a1l
. Popes 10 o] : 0 00! a
k_Open Stoging Areq Door 5 0 Operator ’ 00 O
1 Hitch On-Site PM 4 5 Prirne Mover Coerior 1$ 0.4 20{ O
™ Move Cai/MPU Qutice Prolected Ao X0 0 Prirne Mover Cperalor 151 g.__‘ Y
n_Perorm secusity chack 5 5 2Secutty Officen 2 1] 34 0
nl. Unitch OneSite FiA 3 5! Prirne Mover Cperoior 15, 0.5] 00l o
nzmmehuaﬂeusggim(maem &0 &0 2|Cperctor<cil 15, 12 2.4
©. Hitch Ofi-Site PM 5 5 Prime M et 15 05 00| O
Total 440] 548! 5.4
10, MPUnivetiol-ov
o Pool prep for ISFSI H ﬂ
a_Open Prep Areq Door 3 0 ViOperotor ] 0 00 __oo
b Move OrrShe PM, ond Trareporter 1o Stoging Areo_ 1 ] 0] 1]Pnme Mover Opertat ) [ 00| oo
10! 1 {Trcruporter Operator_ | 15 0.0 0.
. Unhitch OnSite PiA 5 1{Pame Mover Cpecator 15 0 0.0
d mvmmmucu 10 10 HOperator 2 37 6.2 Q.
0] ijRogmon 10 82 15| o
0] l|Crone Operctar 2 05 01] O
dl. Cicse Prep A Doot, ATRB NSRS 0 Operatol D 0 00{ O
o PRoce MPU/Cask on Transporter H 45 5 2{Opetators 1 8. 13.1
: & Crone Operctor 20 0.f 04]
t. Peromm Reease 1P Suvey 60] 0! 2{Rodiation Protection 2' [ 54.0]
g instol Cosk Restroints 60| 60 2|0pergtors F 2 640[ O
n_ Open Prep Area Door S 0 IOperator 0 00| 0
L Prepcre Transter Popers 10 [ Cperator - 0! 0 0 O
i mwum‘:mﬁoncndm 10 10 1{Prime Movar Operctor 15 0.5 0.1 0.0]
% Move MPUI/Cosk fo ISFSU &0 0 2|Operators 10: (%] 8.7 0.0
( rfl bockground done while MOVNgD) 0] 1|Prime Mover Operctoar 15 Q5 03| 00
30 1|Crane Cperctar 20 [+ 03] OO
0 1 {Radation Protecton 10 8.7 44 ]
L Ursecure Cosk trom Tronspontar ! 20 L 11) 2|Cperators 2 59 1967 07
(SFS bockground dose) | 2 1[trarwpontec Opecator 15 0.5 o1l 07
1 0! 1[Rociation Protection 1 8.7 1.45 0.3
™. Ploce Cosk o Pod H | 30| 2|Operators 2 59 %] 20| e ¥
1 &0 1 [Trarspotter Operator 15 0.5 0.5 201 '
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Table Al-3. Utilities-MPU (continued)

0] 1]Rodkafion Protecson 10: 87] _a3s[
n_Rekum Troneport to Trarster Foollty S0l 25| 2! Cperotors 10° of ol Lg
rad ound whie ad no coel) 2 or Cosrator 15 (] D )
2 Rodiation Protecion 10 0 JKT
Iw 4 410] 400 ; 2429 o
[11. Move MPU kom ISFS! sorage ;
a. Get Tramport from Trorsfer Faclkty $0 -] 2| Opergion 104 [« [ Y
. P o 15; j]_ o o
25 1|Rodkation Protection 10 0 0l 0.
b. Raise Cosk iom Pod &0 X 2{Cporators 2 % 0 2
(SFS! backpround doee) 40} [T or Operator 15 05 0.5 2
_ 0 Rodiation Proteciion 1 2 ] |
c. Move MPU/Cank. from ISP 0 X 2| 10 8.7 7 2
) Srime Mover Operator 1S 0.4 3] 1.
30 Crane Opercator 2 [T 3] 1.0)
30 ‘Radiation Protection 10 X 44] 1.0
d Ureecure Cask from T 20] 0] 2|Cperators 2 % 1967] O
ond bockground doee) 2 [Trareporter Operator 15 0.5 .17} a7
10| {Rodation Protection 10} 2 3.67
E Rotun torsporte: o tronsder fociity 50| 50 ironsport Op. 15 90 X %
Total 190 355 ; 4204] 28
—d
12. _Prop MPU from st o3 1
(Gerved fom Steps of 5o, rol. of UTS-RDS sprecayset) ossme SFS bockpround dose. xcept of il sicin
{c Pertcam Relecse HP Srvey(s -dameter) — 80| 40| _ 2iRodation Protection 2 & mng
b. Install Nustron Stield and Cask Restraints 90 90 2|Operators 2 i) 2900 o
. %0 Prime Movet Cpemior 151 0.5 0.8 3.0
90 1{Crane Operator 20! 0.5 [T
K 1}Rodiotion Protecton 10i 19.7 29.9 3.3
¢ fretal knpoct limitents- dameter) 5 85 2{Cpercators 21 32 5871 37
5 Crane Opercter _ 20| 05 05 \ji
d nstall Personniel Barter(s- parimeter) 70 70 2{OCpeators 2 n 747 A7
35{ Crare Operator X! 0.5 03 !
9. Cos 1 of Operator 0 [1]] 00 0
t. Open Prep Asea Door 0 Operator 0 ol 00| o
. Hitch Onr-Ste Prime Mover 5 Prime Mover Operatarl 15 0.4 0.0]
h, Move Cosk 1o Protecied Area Gate (rut backpround d 2 X Prime Mover Operotor 18 o 0.3 1
L Perform securtly check [3 5 2 Officens i ) 34l 0.
Un-hitch OnrSite Prime Mover 3 3 Prime Mover Cperatar ] [ 0.0l 0.0
. Micke-up With other cok cars per frain (Osssme 3 cors) &0 &0 2i0perctorral 181 2 24 05
L Hitch Ott-Ste Frime Hover (cansne ot 5cSng cose some 5 5 1jPrime Mover of 15! 0s 00] Q.
‘ Yoat Il &0 725 367.6! ao.%




Table A1-4. Utilities-MPC

{wwﬂw&lwh!hmdﬂnm 1 H lkdedtmm j&ﬂto‘
Revied 20 MOy SA/HWG ' flict doees freeeen/ty
| DrectiBigd Sun req idose
Iwmum.wmmm {Mm) crane
Seps - (12455719 1457] 7411731 conk id 1 rore
mmummmmmtmmm 1 Iu:«usm pool 3 none ol
Steps - (13455749 - 2285 97 cokmemfy| SR a
luadou- 1
inner redl
Loact MPC for I5FS1 Storcge. outer o> 1.0
- (1245571011 187911411 ) Howss 0.001_|
ot MPC from ISFSi storape for shipphng Loteral Sdn Jrore=>0.0001
Steps - (12.13) 2 N} &3
)
5
§ o
. g i
i ; §
! E
Cosk Handling Operations .g g 4 Z
|
1. Recsive Emply MPC: i BRI, s crone ared
a_irepect Bis of Loding, Other Shipping Popen 0] 10| 1Operator of of oofooof Y @0
b Toke MPC fo Warehouse 80| 60, 1|PemeMover Cperter| 15| 0] 00} 0001 1 00 ﬂ
[ mwcaw;:mwam - ml 30 2iOpercion 10 0| 00} 0.00 1 00/
0! Crane Operator 2 ol 00| 000 1! 0.0
. Relsase Off-Stte Pithe Mover (PM) 0| 10! Prime Mover ¥  of 00 000 1 00
. Hitch OnSite PM_ 10 10! Prime Mover tor 15 o] 00 0.00 11 0.0
T_Move MPC to Prohicied Ared Gate I 2 2 Prime Mover ot 151 o[ 00} 0.00 [
(g Securtty rmpection ] 0 2 Officers 2l o 00] 0.00] 0.0 ﬂ
h_Open Prep Areo Door 5| & : of of 00| 000 [
L_Move MPC 1o Prep Asea 30| 30, 1[Pime Mover 1§ o] aof ooof 0.0
§_Periamn Predrmincry’ HP Sunvey’ &} & Rodiation Protection o 00| 033 [
k__Engage Yoke fo MPC S | Operaion 2] o 0o] am 2.0} 0.021
! Rogman 10 0 0o 002 0.0f 0.021
: Crane Operohy 20! 0] 00| 0.02 0.0] 0.021
_n.cm.gmm:aooa.mm 51 Operator of o o0of 0 0.0 0.021
L urt MPC into Prep Areq 0 B 2 10 ol 00| 025 Q.0
301 1{Crane Opercior 2 0] 00f 013 : 0.0] 0.129
Sotal 200] 366! t “J 08! 170 0Ol 0B
2. Receive Unicaded iranspont-overpack of Front Gale : CExIMe Prep hos crane ared bocky !
a wammg.oommmpm 10 10! Cperc
b._Releces Oft-Ste M 10 10 Prime Mover or| 1S
¢ Hitch OnSite PM_ 0] 10 Prime Mover Cperater! 15
[d_Perform Recest 1P Srvey 40+ 40, 2{Rodation Protection 2
o._Move Cask 10 Protected A0 22 20 Prime Mover 15
L m | 2 2 oficens 2
/Asec Doar [ I Opercier
h Move Caxk to Prop Alea W0 2 |Prirne Mover 15
L Remove Penorrwi Bamerimpact Uimiten 90| 90| 2|Operaton 2
90 Crarw Operotor 20] 0] 00| 04l Vi 0.0 0.375
Cliove Aren3 Door [ 5 Operator of of o0 o.% 1} 001 0.021
k. Remove Cask Resiraints 60| 2|Operaian .2 0] o0 osf W 0.5
I Pertform Prelminary HP Survey 40 & 2[Raodiation Protecsion 2 ol 00! 03 0.0
m m_o_meCd $ Opsrtor 2 0 3.0} 00 10{ 0.021
Operator 10 0l _ @C{ 0 0021
Crane Operotor 20| 0] 00| 00 ,0{ 0.021
n_Utt Caosk Into Prep Areo 30} 30 2|Operators 10 0 00 0.3 : 0.00 0.2%
30! Crane Operotor 20 0f 00| O 1 00| 0.125;
Total 36| 816! O.DJ 24 180! 0.0] 24]
! | i
3. Return Unicoded iranstec-Overpack: (Sf5tTofrep | : CoTve Torichi Fe0 30 Nfl backgreund dose// tranater ook s uriood
o Move Cosk to Starage &0} 601 2|Cperators 100 ©of 00 05 1 00} oS
60: 1 {Prynve Mover Operator 15 0l 00| 03 L ) 0.0| 0.25]
601 Crane Operciar 20 o] ‘00l 03 | 00| 0.25
60| Rockation Protection 10 ol 00! 03 { 0.0 0.25
b. Relece Onvite PM 5 > 2|0p«mas 10 ol 00{ 00 1 0.0f 0.042
b; 1{Prime Mover Operator 15 0| _00] 00 i 0.0] 0021




Table A1-4. Utilities-MPC (continued)

[ Crane o] oo| o Q0] 0.023}
— Rockation Protection Q0] O 0.0] 0.021
¢. Hich Cn-e PM 10, 10 2|Opercion o 00 o 0.0/ 0.
10/ Pame Mover Operaitor 0] 00f of 0.0] of
10 Crane Operatar of o0 af 0.0} o
10 Rodiation Protection 00! 00 0.0] 0.
d_Move o Profected Area 20] 20|  2;Operoion 3 of ool 02 0.0] 0.162
" - 20! [Prirnve Mover Cperator ol ©o] 01 0.0] 0.
.« Crcne Operator 00] O 0.0 0.
20 Radiation Protection L] 0 Q 0.0{ O
X 2 2 Offices 0 0.3 0.0
5 Operater — Q.0 0.0
0 X Prime Mover Operatar 0.0]
Prime Mover Operater 0 00
Operator — [Y] Q.
40] 40 2]|Radiation Protection 1.3 0.0} 1
o] &0l 2 0.0f O
40| 60| 2|0percion 00
&0 & 2iRadiation Protecsion 0.0 3
__ ] ¢ {Operators 0.0
8 0.0] o
Rogman 0.0{ 0.02)
Crane Operator 0.0 O
2 2{Operaton 0.0] 0.83
3 Crane Opercior 0.0} 0417,
780 00| o4
CIRIT® CINING SNCIOLI S
10 10! 1|Cperator 0} 00{ 00
10! Cperater 10 0] 60 0O
10, Crane Operotor 0 00 00
20] 201 2[Opergtors of 00l 02"
— | Cperotor 00 00 O
20| Crane Operator 2] 0 00 O
10 10, Operatar 2 00 00
| 10 Operator 10/ of 00f 00 1
10 10/ 2|Cpergions of 00{ 01 1
3| 2Im o a3 1
30 0 2{Cperaion 2 ol 00} 03
8] 5 _ 2|Opemton 2l 0 0.0
60| €0  2|Cpercion 2ol 00| oS 1
Tobal 176] 245 0.0] 1.7]130;
& WP /lrarspott of MPC/Transied ot Pool - cn.mmaoarnt&_r : |
a Aftoch Cosk Yoke 1o Crane 10, 10! 1]|Operator 2 o] O 0.0{ 0.0] 0.042]
101 Ragman u_:F o|_6o] 00| 6.0/ 6042}
1 Crone Operctor 2! 9 00} 00 0.0 aog‘q
b. Engoge Yoke to Cak 251 0l 00| O 0.0] 0.104
25| Rogman 100 o 00| 0O 0.0] 0.104]
25! Crorw Operator 2 0f 00 O 00 0.
. Move Cauk fo Fuei Pool Roor 30]  30;___ 2|Operaions 10 00 03 0.0
(casme poal creo background) 30| liCrane Opergtor 20 of 00 0l .0/ 0.1
[d _Disengage Yoke From Comk 20| 20| of o 0o 10 20!
-2 20 1|Rogman of_00] 1.0 30
201 Crane Operctor 4D [ ) 10!
e, Bemove Yoke From Pool 0|10 __: 00 1.0
10 Rogman 0.5 a0} g
10| Crane Operctor 0.5 0.0
[lotat 9%| 256 0.0] 6.8 140 00| 5.5
]
6. Load SNF o MPC/Tronsportation |
of MPC/Trarater .
a SN Gapple Attoched 1o Crane 10 10 2|Cperakrs 2! 05 ©2 10 0.2 1
b Cne SNF . (12min. oo| 00} 0.0
bl. Tne for 4 elemect cok 250] 250]  21Operators o 421 25/ A2
¢ Lood SN o MPC 70| 70! 2iOperoion 0.5 7 12
Jotat 3% 30 $.5| 330 40 550 33
7. Prep MPC/Tronsporiction of !
MPC/Transtat from pool
a._Afach MPC Shieid Pup Uit fuse o Crane, 3 51 2{Operators 2| ool 05 1 00| O
— 3 t{Rogman wl o] ool ©3] 0.0
5 1| Crane Operctor y-2) 00| 03 1t 0.0
b. rxtol MPC Shield Pug 20 20 OjRemote 0 0] 00} 00 0.0
c. Engoge Yoke to Cok S 5 1 Operotor 30! 0f 00| 03 0.0f 0.25!
£ 1|Rogmaon 30 Ol 00 03 0.0} 0.
5 1{Crone Opertor 4] of ool 03 V' _ 00] 0.2




Table Al-4. Utilities-MPC (continued)

[d_Un MPC/Conk o Pool Surioce s s 2 i 0] u:j‘
5 Craw Operaior I.gi 03
o irwich Shisld Pl Retonen 10] 10 Cperater 20| 36.7] o
1L MPC/Camk ito Prep/Decon Ao 30| 25T 2loperaton ol 1192 28
Jaociaround doss for decon cled) 30 Crane Operator 20! 0S5 03 18
o Disengape Yol from Cok [ Operator 2| S| a9 o
Rogman 1 a9 O
£ Crane Opanator 2 0.
h_Remowve Shisld Retainens 10, 10 Cperator 2 347 Iq
L_DeconMPC/Cank and Yoke 120f €0 Operciter 100 1] 165 18
) ICyane Operator 2] 03] 07
1} Hook Up Deain Equipment 1010 jCperater 2 3.7, 02
i_Porfiolly Drain MPC Ond ArTuks 2] 2 Cperater 10 1] 37 03
L_Remove Arvniu Sect 02 ors 733 La!
m._ Check MPC/Cusk for Cocsominoion 30] 10| 2jRadiation Protecson 19.7] 03
n_rwicl Arviis Weldng Profection w10 2 7RI ¢
©. ¥rwial Remote Vieidng Ecuipment A W0 IWelder 110.0] ¢
10 Crane Openator el ¢
p-_ e U Weld 7000 0| OjRemote o 60
a Partorm NDE or Weld o 220 QA Welder 2 33 13
r._Remove Weiding Eqipment 2 2 2| 29i 733] 03|
10 Crane Operatar 2 0.1] o
{s Drain, Dry. and nert MPC 350! 10 Operatar 2| 201 .70 0.
[ 1350 Cpertar 10 11| &42! 58
[t Remove Drain, Dry, and neriing Eauoment 1010 Cperater 2] 20| 367 g]
u_Pedorm Leck Tests on Sect Weld 2 20 Cperator 2] 3 123] 03
v. Weid Vaive Cover Picies 90 &0 [Welcler 2} 20| 3300 1S
w. Pace MPC Outer Lid 2 10| Operator 2l 9N 162] 02
10 Rogman t0] ] 18] 02
10 Crone Openstor 20 05 o
.3 sugw.wmm 48 2 1 [Weldet 2| 97| 485! 05
18] l{Gone 20 el o02]
Y. Weid MPC Outor Lid 1000| O] OjRemote [ T
z_Perform NDY on Weid o 2 QA Weider 20 o 3] o3f
on_Remove Anviiss Weid Profection o] 10 Operator 2 91 162 02
bb. Roce transport/ranster Cask Ud 0{ 10 Cperior 2] 70 11.7] 02
10 __1{Rogman 0] 118 o2
10| Crane Cperater 2] oSl 01 o
cc._Decon Cosidatwys event) Opercriors & Q1
Crane Opergior 5]
| ad_Pedomm HP Suvey 27|
oe. Secrma Cauk Bolted Uid 20!
Tolal 269|490
8. Tronsier MPC from Transhei-ovepock
o Traonspot-oveipock o i
o Open Prep Area Door %0
b._Move On~3te PV ond Trangorer 1o Stoging Areo .0
00|
c_rhitch On-Se PM 0.0}
d_Engone Yol 10 MPC/Cok 0.0
0.
dl. Qo Prep Area Door, siuftoneousty with Step d [
o._Pioce MPC/Cork on Trarsporter _Qi &5 __ 2{Opetorns 0] 87] 131 o4
45 Crone of 2 04] 02
1. Perform Relecw HP Survey ) 2{Rodiotion Protection 5| %0
rssal Conk Resfraints 0! 2|Opercriors 440
h Prep Arexa Dot []] Cperator 00l O
L_Prepcre Tronsfe: Popen 10 ol Operator 0 ool 00
} Move MPC/Cark Outsice Protected Ared 1 10! Prime Mover Cperatar 15 o.1] oo
_Move MPC/Ccik 1o Trarutet Aved | 30 2 0 82 83 00
(.8 backgound dose whis moving) 30} [Prime Mover Operatar] 15 03] 00!
304 Crane Operctar 2 03] 00
30i 1] Rodiction Protection 0] 871 44! 00
L Prepcre Cosk &y MPC Transfer 30} - 2|Operaion 2l N
(cxesme cecon oo background dosw) &0 Prdme Mover or] 15 oS
&0 {Crone Operatar 2 05| i
60 |Rodiction Protection 1] 1] 1.0] 1.0 l
m._Engoge Cranw 1o MPC Lt Aftochment 10 S Cpenatar 2] 4] 33 LIF {
| 10| 1{Rogman 10 N L 1.2
10 1{Crane Operator 20{ 05 0
a Verdy Veriical Algriment of MPC 1o Storoge Cok 10 10} 1 }Opecator 21 97] 162] 02
[0 Cecx Operaton 1.0 Sieided Ao S| O0f _OlOperators of o 00| 00
ol. Cose Tranafer Room Doon 0] _\|Cperater ol of oo ool
p._Robe MPC from Storage Cok 0 ol oOlRemote o _% 00| ool
q_Move MPC Ovir Transport Cask S 0] Ojremote [] 00| 0.0]
1._Vedity Veriical Algrment of MPC o Trarwport Cosk 10) 0 oRemote of of ool ool
1 _Comect Verticei Algrenent 2, 0l Ofrermote of o0 00 ool
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Table Al-4. Utlities-MPC (continued)

T Lower MPC o Trareport Cask 0] 0__olRemote :
11._Cpen Tronsfer Room Doon 0!  OjRemocte 1
& Rockation and Confamination Susvey [ 10t 2ikndction Protection
v. Remove MPC Lt Attochment kom MPC | 20 im!
15 Rogman
15 Crane Operotor
w, moaamwcmm 10, [ Operator
10! Rogmaon
10 Crane Operator
x._Ploce Trareport Cok Ud 10 10 Coenator
10]__1|Rogman :
10 |Crane Operator .
y. Decon Cok 30| X 2
- 0 lCaw o
2 Portorm HP &S] 20} 2|Rcdation Provection
aa Secure Conk Bolted Ud 60} 60! 2|Opercriors
Tolal ng__&gi:
> {
mmm&um ossume csane areo background dose
a_Open Steging Arec Door [ 0, Operotor o o 08 00
b Move OnStte PM and Oft-Ste ot O StOoing Ar 10 10 Prime Mover Cperator s 05 ©.1] 00
c. Unhitch On-Ste PM $ 8] Prime Mover Cpetotor 15 0.0] 0.0
‘d_Engage Yoke fo MPC/Cok 10} __ 10! Opertor 2l 17] 281 00]
4 ) Rogman 0] _87] 16| 00|
10 Crone Cpercior 2 G.1]_00]
dl. Close. Aveqy Doox. with d 0 Operator 0 o] 00 00
. Pioce MPC/Cask on Trorspodet 45| & 2|Opsrafors 0l 18] 27] 04
F 3 1jCrans 04 02
t._Perform Shipping HP Survey 80 35| 2[{Rodiation Proteciion &3] S02] 03
@ st Conk Restrointy 35 35 2{Operators 32 373] 03
35 1]Crane Operctor 20! 05! ©3 i.!l
f_instol Impoct LimBers 55| 85- 2 2| 32| 587i 05
55: 1jCrane Operator 2 0.5, !
L et Personnel Bater 701 70t 2|Cperaton 2] X 74.7! ).¢ |
35 1{Crane Cperator 20] 05 03] 0. :
w 10 [ 1 Operator o] ©0f 00
i Open Prep Area Door ol YOperator o _oo| 00
L_Hiich OrrSite PM s S Prime Mover Operater] 15| 05| 00{ 0.0
Move Cank/MPC fo Protected Aea 30| 3 Prime Mover Cperator 03] o1
n_Pedorm security check : :zlga_mzm 2] 17| 24 00
n_Unhitch On-Ste PM Prime Mover Coerctor| 151 0S] 00[ 00 ¢
1. with ofrwr cosk carn pef frain (assume 3 con) &0} &0 2 oral W 12| 24] 0S5
©. Hich Ofi-Ste PM $ 5 1[Prime Mover Cperator| 15| 051 00! 00 ]
440 “51 66 36 i
10. Prep MPC/Transk verpack from Pool Prep for ISFS! +
a Mmmm [-] []] 1 Y
b bove OrrShe P ond Trareporier o Stoging Areo L2 BT TH i ]
10! ]
e Unthitch OnvSie PM 5[ Si s
[d_Engoge Yoke 1o MPC/Cok 10 1o, i
0 .
Lo i
dl. Close Areq Door, with d 0 ¥
[ o. ioce MPC/Coak on Troneparter a5 & g
45 T
t. Perfcrn Relecw P 30+ : .
-3 retcs Coak Restrars &0} 2| ¢
. Open Prep Areo Door [] [ ] 1
L Trarstec 10] ] It
1 Move MPC/Caak Outsicie Protected Area 10 0i {
k. Move MPC/Cosk fo I5FS [ o) 30 2 '
(amsne rad cose whils moving) 0! '
301 !
30, {
Tckal 280|345 1
* i
1. Vanser Looded MPC from Tramier- : T
overpock 10 ISFS (ke step 12, lollowing) : csme S5FS background dose [x times cligred with UTS-RDS
a_Prepare Cos fos MPC Transter 60  30: __ 2|Operaton 2] 70 7a0] 20 |
&0 }|Prime Mover Cperator s 0s] oS} 20 1
60 1{Crane Operctor 20| 05 05 20 }
&0 Rodation Protecton 10! 8.7 8.7} 20 L
| ot n 5FS Storoge Door. smulianeoLsly 2 or 2| 70| 23| 07 :
ﬁ(ﬂmm.ﬂm«aﬂl?ham 0! OjPimeMover Cperctar] 151 05! 00 00 H
0: 0{Crane Cperctor 20 05| ©.0f €O .
0]  0lRodation Pratection w| 87 00f 00
b Algn Cask With SFS 60 3. 2|Operatons w0 87 87 20




Table A1-4. Utilities-MPC (continued)

4o [Prime Mover Operater
[ Crorw
60| Radiation Projeciion :
| c._Prepare Tywler Equpment ‘_Q.__b__t” 2|Operoton
. &0 Prime Mover Operator
&0
60,
d_Tronster MPC feom Cosk fo SFS 0} ao. F
0
30
30
o._Close BFS e Door 0 %0
30|
0|
ko
[1._Prepare for Wanecicrialion of MPC OnvSite Tecrwler Conk |
from 573 & 30 2
&0
&0
)
[rotal 3Co{ 1100
nmmumtmﬁw
In ISFS|_(Hkce Step 'deg: ck
mcumwcrm« 60| 30 2)C
80 1
&0 ]
40 ]
b Algn Cak wih IFS ) |
60
&0
&0
[ ISPS1 Storepe Door o
ﬁmtg&o 0] __ 0iPrime Mover Operator
orty one crone. P operatar and HP In crew) ol __OlCrone Operctor
0]___ OjRodiatton Profection o] 87| 0o 0o
d_Prepare lerler Egipment 60 30| _ 2|Opercion | 00| 20|
g0 Pricne Mover Operatar| 15t _0S] 0S| 20 ]
40} Core F3 g} 05 2 i
_ 0] Rodiation Protection 10| 87 sz{ FY.
o lrarster MPC to Ofl-Ste frarsportotion Conke 0] 30! __2/Operton 0] &7 87 2 ;
30! Prime Mover Operator| 151 0S| 03! 10 :
_30: Crone Operctor 20! 0S| 03] ! i
— 0; Rodiation Proteciion 10| 87] 44 1 ;
it Com 5751 ¢ Door 0 W2 ZI 60' ec% 2 '
] Pricne Mover Cperator| 15 [ .0 :
E] Pw-o;uw 2 o3| 1o
301 1|radiotion Protection 0] _&7] a4 10 !
g_¥wial Cask Clonse, 85| s5]  2{Operatons 2] éoj 1100] 37
3 Prine Mover Operctor] 151 05| 05] 1.8
S5 ICrane Operctor 20| 05} 05 18
— 55 Rodiotion Protection 87| 80| 1 :
h_Prepore to Move Off-Ste Trarsporiation Comk From 5P 0.0} 0 :
Storage Yord 60| 30 _2 2] 60] 600[ 20
[ Pume Mover Operator| 15| @5] 0S| 20
&0; Crone: 2| os| 05| 20
801 Rodiation Prefecion 871 871 20
345] ¥320 .Y G .
1
!2 aporiction-overpack om ISFSI for wporiction-overpack om SFSI for Shipping [
X audmw lcam s SAR bockpround dose. ot mil sidng
ammw __%0]| 401 _ 2irodotion Protection [ o] 573 27]
b. Instol Cosk Restrints(s perineter) B35 2|Operators 2] 32 373 23 .
35 Crane Opercior 2] osi 03] 12
<. instclt ¥mpoct LimitenXs- dicaneden) 850 55!  2(Cpercton 2] 5871 37
55 Crane Operater 20| os| o5l 1.8
d nstall Persornel Aamer(s- pedmeter) N 2|Operators 2 3 247] 47
35 Crone Operater 2| o5 03| 12
. Prepare Shippiny) Papen Ww__o ﬂ‘g} 00| 00
Area (oor S| 0 Cpesotor o o oo] oo
g. Hich On-Ste Prinne Mover 5 5 Prime Mover Operator s 0S| 00l 02 '
hmcubmwmcdomwsw 30| 30| 1|Pime MoverOperator] 15| 05| 031 1.0
L pariorm security check 5] S, 2 Officen 2l v a4l oo
i Unhitch On-Site Pume Mover 3 3 1{Prine Mover Operatet 15 05 00! 00
3 wlhoﬂmccx«ca‘spuﬂm(mmswm &0 60: 2|Cperator<al 18] 12} 24l O
uddrOﬂ&thMow(mmrdeowmc 9| S J|Pomo Mover Operotor] 15| _05] 000 0.0
Jotod - | 348] 435: 282 192
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Table Al-5 through A1-8. Monitored Retrievable Storage (MRS) Facility



Table Al-5. MRS-Reference

Iwmwe-tmy_l_rgmmdmm . I & Rl werniry |
Rovised 20 MOy SA/HWG Crect |ikpd Ui coees i fre
rryeme) et %a.o dJose
MPy, MPC i 807, 11 S18icuter crans
&l 12 Tp/Ix_conk id |40 1
|w¢usm
cok mrem/ire lsﬂ
[*X] 13| 8671Ud doses
- rner
‘ {ouser 9
1,083 1 p/Tx_comi it
' Loterct Sdn
@y 8| &) T
1 T
‘m'mm-mpa T 320 0 X
umm-u_momdm i

!
|
5 !
i
< ! ? .
SR
- 5 : % $
i % = E | g § s
| & % o 3 g E 3
ERD FERE
| ot tonding Opentions I | 2 © i
To. Receive ond Prep Looded Truck Cask (ot i H
lmmcaklm ! onsume it dose Inticly
[ o repect 85 of Lacing. Other Shipping Popes i 10| 0 Cperator o 0 000 O
b. Pul Cosk info Seaiitly Area 8| & Pirmve Mover Opercitar] 151051 Q04| 0.00
C. § 3] {30 20} 2| Officen .2 12) 11.33] 0.0
a mes_u_ggdaﬂmwﬁd- X 10| 2|Radiotion Protechon 2l 43] 1433] 000
@. Toke Cosk 1o Profucied Area ) rierve Wiover Opercior’ 15| 0.51  0.08]0.00)
1. Unhitch Oft-She Prime Mover I 10 Prirne Mover Operctar] 15{ 05| 0.08] 0.00
Hitch Ste Prime Mover o 10} Prime Mover Cperator; 15 0.08{ 0.00!
h Toke Cok Yo Recuiving and Shipping Bay Door 10l __10 Prime Mover Cperaton 1S _0.08{ 0.00
h1. Open Receing (nd Shipping Bay Doot, IMUNEOLs of QOperator + 0O .00
L Toke Cank Info Reciving and Shipping 8oy ) Prame Mover Operoior: 15/ .04 0.
$ Ragman ] a87f 073
1 Uriiich Site Prime Aover. ") 10 1[Prime Mover Cperalor 5 051 0.08] 0.00
J15 o»wwmmm.mq . [ 1|Operctor 0f 0.00] 0.00
k Remove Persorrwi Borrier - 2|Opargton 32] 26.67| 021
(crane ared QUG SCe) F-1 1{Cran> Opercior 2| 0S| 021 0V
L HP Suvey 25 10| 2{Rodation Profeckon 2| &) 1433 C
m. Remowe Impact Limiten &) 60| 2{Operctons 3| x| e400] C
: _e_g} Crone Operater 05! 050] ¢
n. Remove Tiedowns S 2|Cperators R 3.3
3 0S| 029 Qi
©. Rernove Trunnicn Blocls W 10 2 ] 1067]
10 1iCrane Operctor 0.5] 0.08
ol. SNF gmcmggnoanboor. AUAONSLS J \[Cpermtor 0.00
p. Atioch Crane 1o Yoke 5 H{Cperater | 0.00
: | 1|Rogman _ o] 000] ¢
: 1{Crone Operator . 201 ©f 000 O
G Engoge Voke 1o ok T8 5 1|Cpercior 1 7] 14
: S 1{Rogman J | [ % 0.73] 0.
S 1{Crane of 201 5| _0.04 O
r.mcumsgvlgmcmmm P 0. 0.
Washdown Are R o] Z|Cpengtors "70]_1.8] 060
. . 0 Crane Operater 20| 05| 008
s instoll Piotiorn o[ 10} Ooerctor sl 87] 145 O
1. Weshdown Cok I » 2|0perator 21 12 19.83] 04
u HP Suvey T ) 15 2IRodation Potecson 2| &3] 21.50] 0.1
v. Remove Piatiorm ' 0 0 Cpergtor T 8] 87| 145 004
w.m!mpcﬁ:’om ! 10 0! 2{Operctors v V0] 18] 0.60] O
10 1|Crane Operator 20| 05| 008} O
‘1noeﬂg!_x£'§:akcn(:arhr 20 X 2|Operoton 10| 8.7] 580} 0.17
2 1{Crane Operctar | 2 0s] 017} &
y. Secure Comk Y0 C.cgnier 20 2 2|Cperator . 2] 43| 28.67{ 0.17
msgmmvaomcxm.as 10 1|Opergtor T 2{ 17| 283] ood

A S A LLRRA Aot e
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Table A1-5. MRS-Reference (continued)

0] 1 10] &2 t45 aod
10} Crane Operatar 08{ 0.08] O
2. utal Shield Platiommn 30 30 Cperctor 87| 435} 0.1
oa. Attoch Ud [ 10 10 Operctor 60} 10.00] O
J b Sampie Gos Covlly. lol Operator §3! 442 O.
| K= Vert Cask Comty 10 Operctor 3| 53| 44
ci._Remove Scmping/Veniing Bg 10] 0] Cperater 60| 10.00]
oe. stcl Ud Honding Deice 5] 25 2 021
. 10 Rogman 10f 87
: 10] Crone Operalor as| oos!
ift._Loosen Conk Uid Bolls ~_ %] &S] 2|Opercion 90,
‘ 20| |Ragman_ 0] _87] 290] o
_ 2! Crae ;20 (Y1)
og- Attoch bfectoce 30| 2|Operton ! &
. Remove Paticsn ;19 | Operatar : 82| 1\
L_Opercion Clecy Prep Roam R ] : 0.
3 Move Conk Under Cel Port of OlRermcte H 0] 000] Q.
kc_Mote Cak fo Port L 30 0 __ OjRemote H 0] 0.00
[ 8 Port ond Remove Caak Lid ! 30] 0 olm 1 0] Of 0.
i 7351 828 1 507!
EF T 11
1b. Recelve & Looded Rsll Cask (o [+7 )
[l
a
b. Pul Cosk info Secustly Aea [3 15| 05
X mn) 45 25 17| 1412
d Perform HP of Conk Externcis and Troler 35, 10] 2|Rodiation Protecton : 431 14331 0.
@ Toke Cori fo Protected Area 0 0 Prime Mover : 35 _05] 008} 0.
£. Uniitch Ot-Ste Prime Mover D| D Prime Mowver * 151 0.5 CLN]_&
ich Ste Prime Mover 10| 0! Primve Mover Cperafort 151 0.5] 0.08f 0.
. Tcoke Cak 1o Recsiving and Shipping Bay Doot j 10 10 Prime Mover Cperatort 05| 0.08] 0
. Open Recening ond Shipping Bay Door, srmudficrwous | o] 1jCpeter o X
L Tokoe Cok o Recehg ond Shpong Boy T8 8| 1eimemover is|_os
| gl - 10| a7l 573 O
§ Urhitch Site Prime Mover 10 10 Prime Mover 18 [Y
. Cloes ond Shi Docr. 1 : : (1
smutcnecusly wh o Cpercter o] ol 000 O
i Remove Penornel Bcrier (tpefim) 0] 30|  2/Operators T3] 32! 3200
(OszUMe CTNe eNcicase ound doss) — 25 Crane Operator F a5] 021 01
L HP Survey (s-ciameter) a5 45 2jRadiotion Profecion © 2 64.50
| m. Remove ¥npoct Umiters (s-ctometer) 110 10 2|Opercion ; 112.33} O
30 Crans Operofor © 20{ 05} 092
. Remove Tieciowns (perm) - 45 2|Operatons C 31 32] 48.00
. 45 Crone Operater : 05 o3si 0.1
©. Remowe Tasnion Bocls 10{ 10 2|Operctars C 3 x| w67 ©.08{
- 10 Crane Operotar 20| 0S| o08{ 0.04
[ o1, Open SI¥ Tronpoxt Cank Prep Room Doc, simuttaneaus (’%[L Operctor : .00} 0.004
. Aftoch Crons to Yoke S 3 Operater .2 0 aoo
5 {Rogrnan -0 0} €.00] O
5 Crane Cperdter 20 0.00] ©.
| g Engope Yoke to Cak 3 [ Cperator 2] 7] .42 002
5| Rogman 10] 87| 0.73
5 Crare Operator 20 Q.04
r.mcumwmcumm ‘ 0.00{ 0.
| Washdown Areo 0] 10 2|Operaton 10| 0.60
1 0 Crone Operotor - 2] 0.08/
3. irstcld Platfonn 30 10| Cperatar 8.7 145
. Washdown Cosk (-ddoneler) 3 2|Operctor .21 12
(L WP Srvey (ociometed 2|Rodiofion Prolecion s
v. Remove Acitorm 10 10| 1 or , 6] 87 1.45] Q
w. Move Comk to Corrier 10 10i 2|Cpercrtors 10 .8 060! 0.08
10 Crane Operator 20{ _05( 008} O
x. Floce Trasport Cosk on Camer .20 20 2{Operators 0] 87] 580] 0.17
: 9 CrawOpemter 1+ 20 05 0.17 LQI
Y-Secire Cank o Camiet (spedm) — 20| 20| _2iCpetor 2| 43| 28.67] 017
‘ z_mammvaomcmm i 10} Cperator L2l 17 283 w‘a
- ﬁtq* Ragman . 7] 145 O
- 10 Crane Operotor T 20] 05] 0.08] 0.04
Ciose SNF T Cauk Prep Room Door, simuttarecus of Cpercior ! o] 0.00] 0.00]
2 Irstall Sveld Piatiomn : 30} 30 Cperctor : & 87 435 O.H
an. Aftach Gos Samplrg/Venting By 10} 10 Operatar | 2] 60} 10.00] Q.
bb. o Covy M 10 [ Operctor : 3 S8 m_%
cc. Vent Cok Cody (rdameter) 20 10 Oparctor 3| 53] 883 O
ddRemove Sanping/Verling Rig 10| 10| Cperotor b 2] 0] 10.00] 0C
e9. NG Lid Honding Davice 25 25 2{Operators . 4 40| 50.00{ 0.21
0| Rogman + 10| 87] 145 0.
‘ 10 1|Crone Operctor y 20 0S5 0.08 004
11. Locsen Cosk Ud Bolts (-ckaneter) 160 a0 2|Operators 2| 0| 80.00| 0.33}
I 20 1[Rogman 1 10| 87 290 ocal
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Table A1-5. MRS-Reference (continued)
i 1 2] [Crane Operotor 20| os] @17 o
Aftach lerfocs Rdue ! _30] 30| 2lOpercion g wl 40.00
hh, Remove Plattorn | 10| 10 ICperater 6] 871 145
L Clecy Frep Room 5 014%%@ . o o] oo0ol o
Move Conk Uncier Cel Port I 0 __OjRemote ' of 0] oooo
ic_Mate Cauk 0 Poit 30 0] OlRemote . 0] 000] O
[ Open Port and Rumove Cask Ud [ O[Remote ! of 0f 000
278| 1.025 ! 461 4
]
2. Recelve ond » Unlooded Storape, Emplocement or . :
Cank fo (oadng o-x,r_uM'_ﬂ_'!'rQ
a Bils of Locing. Other Popes .10 10} Cperator 0 0| 0.00] O
um msocm__L 5] Prime Mover.Operator!_ 151 0] 0.00] O
d0] 30 2 Officern 0] 000
d.wmo dwmmm T30 3] _2lRodation Protection .2 L00|
. Take Cosk fo Prodpcied A 10 10| Prime Mover. of 0.00] Q.
£. Unhitch Of-Ste Prirne Mover 1 10 Prime Mover Opercfor, 5] 0f _0.001 0.
[ g Hiich Ste Prime Miover 1 10} Pare Mover Operatori 15 0.00
nmmnmmwmgﬂm 1 10 Pime Mover Cperator! 15 0.00
hl.OpenReceht Doot, SRS g{ Operctor o 000
uancu*mn«m__kg__m 18 Prine Mover Opercior 15] 0l Q.00]
— 9.].___1 %
J. Unihisch Site Prime Mover 11 10 1jPirne Mover Operatori 0.00
fi_Close Recehing ond Shipping Boy Door, smuftonices | 1ol _1operater i of o] 000
n.Remove Tisdow: 0] S0 2 : 0] 000
©. Remove Tnnnion Bocis L tol 10 2|Operators: ;3] 0 000
) 0 Crane Operator . 2] 0o o000 0
o)._OpsaS\E IRy Cosk Roorn Door, SMUXT WS 0 Cperotor ! 0 0] 000 O
Mn::nOa\o’oYck. i s S| Cperatar P2 o] 0.00] O
i 5 1jRagman + 10| 0] 0.00] o
! 1|Crane Operctor T20] o 000l o
q Engoge Yoke o Cok 1|Cperator i%l of 0.00
Rogman 0 000
[Crane Operator [ 2D| OI 0.00; 0.
r. Mowe Couk into SINF Trarepert Caalc Prep Room ! 0.00| 0.
Washdown Ared 2|Cpertors : m’ oI 0.00
Crane Operotor 20 of 000 0}
s instcl Piationn Coerater ¢ 0 000
t. Washdown Cosk 2 : ] 0.00] ¢
[uUHPSurvey T_2 0| 000] 0
[ v. Remove Aatformn - & 0.00/
[ w. Move Transport Cask to Camec : .10 .00
. ' P % Q.00
x_Pioce Trareport C:osk on Caer : 2| _ 2iOperotors ) 0.00
! 2 0.00] ¢
y. Secire Conk 10 Cuxner { I 0.00
: ) Q.00
yl. Ciose SNF Trarsport Conk Prep Room Door 0.00/
smutanecusly with y 0 0.00,
Z Install Sheld Platfosn . (] 100!
oa._Loosen Cosk Licl Bots : 2 ).00!
bb._rstall UG Hancling Device B 2 100
cc. Afach berioc» Rduse [ )| Operaiorn 2 0.60
dd._Remove Acttarm o] o [l Q.00 uﬂ
oe. ors Clexr Prep Room : 8| 5| 0lOperaton i .00 o
. Move Cask Unchir Cel Port 8| 8| olremote 0.00{_0.00f
Made Cask 1o Port | OlRemote ) -0.00] .
hh MadimCd:ud i 30 Remote 0.00]
Tobal &io] 690 0.00
3. Lood/Uniood SNF (Tronsien | #
{a yeiclc 0} OjRemote ol o 000 0.00
b. Got Bye SNF Gripple o0l " olkemote o] o] 000/ O
[ceetod ' One re SIF omembly 19 g] olR T o] o 000] O
[dEmpiace Bare SIF cmsembly ¥ necesary r 1ol O Ofremote . o] o 000 0.00
. At Boye SNF n C:on L 20 [ OjRemote : 0.00} 0.00
1t. bwtcl ConUid [ o]  OjRemote : o] 000] O
{Totet LV 0 i 0.00] 0
] i 1 |
4. Prep DVCC Storge Cask trom SNF Transter Cedl for Siovope e encioase bockground
a From Cel, hstall MPC Shisid P .2 0 OjRemote [ 0 0.00] 0.00%
. Repioce Port Py ¢ 10 o olw. o0 000 o
< Unmcte  Comk from Port {10 o] OjRemote [] | 0.00! 0.
. Cpen krarsder Stuation Door : S| 0 1{Operator [ 0} ©.00] .0
. Miorve Caik Into $2oroge Caxk Preo Roorn X k) tCpergtar 10} 87| 435 0.13
{. HP Survey 0 k) 2{Rodiation Protection 2] 58] 5°.00] 0.25
0. Remove Lid Harvling Device ) 2 2(Operotars 2] 97f 6467] 0.17
. 10 1jRogman 10] 8.7 1.5 0.04
. 10 1}Crane Opecatier : 20] 05] 008! 0.04
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Table A1-5. MRS-Reference (continued)

al. Cicse Teonster Skaion Doot, FTWACIBOUE : of Operater ol ol ooof o
h Secuse Cank Bolted Lid 304 0 2|Opercions 97] 97.00
| L Connect 10 10 Cpactter : 971 16.17} 0L
. Evacucte and hert Cok A5 10} Operator ! 371 4.17] Qdf
[ 2 Cpemtor J &I 6531 0.3
[ Dbcomed! Evocuoion/Twring Eqipment S| S| 1jopertor T3] o] 8.08]
L Ploce and SedlWeid Vaive Cover 0| 90 } 97{145.50
m. Pioce Siorage Ouser Uit 30| 30 971 4850} 0.
0] Aagrman 47| 435 O
i 30| ViCrare Opercter 20] oS! o255 o
[ Sohp Rermote Weicing Equbment L[ 45\ 7 [ Welder ; 70| 5250[ ©
. Weid Sticrage Casis Outer Lid 600 0 0! of 0] 200 0
&vgxmcmm«www &0 1]QA Welder . 70| 35.00] 0.1
gwmmym 20 1{Weider 70| 2333
t'-l-‘g_sma* ) 2{Radiation Protection 59 $0.00
Caak Prep Room Doar , S Operator : 0|
tMowCaktosrm Caoul Stoging Areq ) ) Cperator : 10§ 87| 435l o
: 30 rareporter Cperator | 151 05| 0251 0.
1 Cioes Stosape Couk Prep Room Door t § [ jOperator i o 0] 000
v. Urwecure Couk trom Coaier 10 10} Operators ! 9] 19.67] 0.
Mﬂ@wﬂﬂm [ 60 30| Operators 2] 5P| 50.06
- 30 T ot : 15 05| 025 O
x Secire Cak fo Trareparier i 20 20 2|Operaiors i 51 3331 0.17
!.ma-mosrmm : &0 30| 2|Operartons 1 27| _8.70]
" (rufi bockground dose while moving) 1 40| i or or ; 15{ 05! 050 (
i 30| Rodiotion Protection | 10] 8.7] 435] (
2 Ursecure Caxk from Trarapoder 20 IOI 2 L2l 500 19.67] 0.67
! 20| o or - 151 05| 0.17] 0.67
10 Rodation Profecion 87| 145
on. Ploce Storage Conk on Podt 0 30| 2|Operciors 1 2| 89| 50.00] ¢
. &0 ] or Cperatar © 15|  0.5] 0.50] 2
. 330 1Rodation Frotecion @ 10 871 4.35
bb. MM”WM : 50| 25 2| Cperators : 0] 0.00
(withous © cosk ond_nus background dose) ~ 2 'vmw 15 of 000
H p3 {Radiction Protecion 1 0] 000! O
Totol . _1480] 1,010 ! 83| 1
jorv— ry " J
{5 Prep Unicaded Cask som SKF Transiet to Shipping mmmu%
a Replace Conk Uid 20 20 2{Operoton 21 o coof ot
20| Cperator - 10 0] 000
200 Crone Operator 2] o 000
b. Repiooe Port g 10} 10] 2|Opergtors | 2 0} Q.00
10} Opercior 710 0] 000
104 Crare Operator I 200  of 000
< Unmate Cask tromn Port 10| 10} [Remote i of  of 600
c Open Trarwfes Stotion Doar s8] Cpertor : 2.00)
o Move Cauk irdo SNF Trarwport Cak Prep Room 1ol 19 2{Operatons K 1.00
{ 1. Cioee Yronster Stasion Door i [ 3 Operotoer l_)i 0] 000
g krstoll Sieid Potform v 30 30 Cperotor él 0 000l O
h Remove indertoce Fodre " ) Opergrtors _40_{ .00
1 L Remove Comk Lic Handing Device 25 2 Opeccitors 2 0] 0.00] 02}
2 Rapman G0 000 Q.
H 2 Crons Operctor 2| of oool al
} st Comk US o 6o &0 2|Operators 2 o 000
H 60} {Rogman 104 o] 0.00
60| Crane Cperator i 2| 0 000
[ Tost Camk Clomse _4&s| &5 i 2 K
L HP Survey Cask 30} 30| ;
m Remove Shieid Piotform 0| 3 ).00] ¢
[ m1._reecire Cosk tram Conter. STulionecs : 100} (
I n. Attoch Cxane 1o Yoke . 3 1 0] 0.00
: 0| 0.00
0] 0.00] O
nl. Opsn Prep Room Door. smutanecus 5 S| 0] 0.00} O
o. Engoge Yoke to Cask . S [ o] 0.00] ¢
] § o] 0.00]
1 0.00
p. Ut Cask out of Prep Room ondo Troder § 30 F o] 0.00
. ) o] 0.00 0.1
G Dsengage Crane and Yoke .10 0! o 0.00 ?ﬂ
: 0; JRogman i 10 0| 0.00
10! Crane Operatoer -] o 0.00
ql. Close Prep Room Doct. smufionools 5 S| Croerater N 0f 0.00! O
1. ystall Tnswion Hocls 2] 2 2{Opermotars - -2 0l 0.00] 0.17
: | Crane Operctor + 20 o[ 0.00] 0.08
1 HP Suvey 72| 20| 2[RodotionPotecion - 2] O 0.00 m
t. retcl Tedowrs ! 60] &0 2|Operctors i 2 0} 0.00
. 40 1[Crane Operator " 20f o] 0.00] o025
. Irsto impoct Umiten i 60l &0 2|Cperaion — 2| ol o0o] 050
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Table Al-5. MRS-Reference (continued)

[ g] CrawOpeoter__* 2] 0l 000 O
v. St Persornel Bortier [ [ 2|Operators 12 o] Q.
: 60} Crone. 120! 0
w. Hitch Ste Prime Mo i ¢ 5] Prime Mover Oparotor! [
. Open Receiing orx! Shipping Bay Door N Ailﬁ Cperator [ o
[y Prepre Shipping P 0] 10 1lCperctor 0
7. Move Cok 10 Profec:ted Aveo Gate IOF 10 Prime Mover 0
oa._Unhitch Ste Prime Mover _10 S Prme Mover 80 X
i‘,;a—_—— — 410 1,106
i_Foep Bl Tmspodcfion Couk i
mmrmc fo Ship lcmsme crone enckere U ol
G From Cel, rutal Cork Shieid P %) j 0[Remote : o _coof o
(5 Port ¢ 0 OjRemote 0.
<. Ursnate Cask fom Port o o o o _0
o Trarwter Siotn Door [ ICpercitor 0} [Y
». Move Caskinfo Canrk Prep Room M Operotor 0] 87 0
(119 T e0] 30| 2|Radition Protecton 50 50
g Gernove Ud Honding Device - 20 2 &0 0.1
: 10 Rogman 0} 87 1 Q.
3 10 Crane 20 05| 008} O
1. Ciose Trrefar Siaion Door, S ftoneows . 0] 1|Cperator T o0 0.
h Secuse Cok Bolted Ud ‘ 30 0| 2 2] 60} 60.00
t Cannect Evacuoliol H 1Y) 10 Coerator 2] 60} 10.00] Q.
memw ) 10| 2 371 617 O
5] Operator 10| 87| 453 0.}
gwmm 58| V|Oper ol 60| sool
Qggr_!gmo::w : G ol Cperctor : ol coo] o
. Move OnSte PV and Troraporter to Prep Area i wn 10 Prime Mowst 15| 65| 0.08] 0.
n_Unhitch OnSte PV i [ S Prime Mowvel 151 05] 004] O
(X MY&.”(E& : 1] 10/ jCperatar .21 171 283 O
i nl___10 Rogman . 10] 871 145 O
- 10 mm__l_z_o‘_g} 108 0.
ol OmnPodPng [] o - 0 0] 0.00] O
P mcummm 45| & 2|Opergtons 10 l.ll 270
| &5 Crane Operator 20 ©0S5{ 033 0.V
a_Periomn Reiecss P Survey T4 2 Rodiofion Protection 2| 43| 28.67] 0.17
t._vuis Cosk Restraits ! oi 90 percion___ 2] 32| 96.00] O
: 90 [Crane Opecctar 1 20] 05F 0.75! ¢
s_tsidl inpoct Unlies A 9g]ﬁvo 2iOpercion 2| 32| 9e00| 07
: Crorw. ot , 20| ©05] 0.75] 038
1_wicl Perornel Bamier 3 2[Coeroion 2] 7] 17.00{ 0.25
ICrane. T 20| 05| 025 01
__mmm i o T o 0| 000 0.00
n Ared Door Cperator 0} ©.00{ 0.00(
w, MWN!DM i S 1 Mover Cperator 15| 05|  0.04] O
X Wiowe Cai %o Profected Areo Gote(nul bockgrourssdioss 30130 1 Wiover Cpercter,_ 15 (3 a.00)
Check { [] Officens 2] 17| 283 0.00
z_Untitch On-Site [Frime Mover ! 3 1|Prme Mover 1 18| 051 0.04] 0.00
on Mich Oft-She Prme Mover \ [ § 1{Pame Mover 0.5] 0.04] .00
Tolol . &0l 628 ) 4 A43! A
2 Cask from . ;
o SNF Lranaster Cell fot Unloading : — nufl bockground ini
G Get Tranport from rarstes Fockly T - " 10]_ 87, 725! O
F3 o o 15|05 021 G
25 Rodotion Protection . 10| _8.7] 343 O
i 0] &7 073
& Remove Conk trom Pod B 2 5| 8. 1
(cexame SIS g o) : &0 15;_05 2.
— ] 30 0] 87| 43
c. Secuse Cok o frareporter i o 67| _0.67
0.67
' 1
‘ umcunmunmmamdw_m) 60 o.
Cemic Prep Room Door . S| 0 Q.
fmcanosoc Cok Prep Areq ;0 3
(cxsame crone enclos.se background) ~ 30 Q.
{g Com Ciek Prep Room Doot 5 0l Operator ’ 0’ 0] 0.00] 0.00;
h Ursecure Cask from Tronsporter 20 2 2/0perctors T 2] S0 3933 017
| i HP Srvey Cosk 60 X0 2iRodation Protection . 4 50 59.00] 025
imwcc:ﬂtud 180 120 Cperator 97]194.00! 0.504
20 Ragman 10| 8.7] 290! 008
20 Crane Opecctor 201 05| 0.17] 0.08)
{ i Move Sioroge Coxk So Caner 10f 10 2{Cpomatons 0| 18] 060 C.08|
' 10 1jCrane Operator 200 05| 008! O
lmSmO;*mm 2 2| 2{Operaton 10{ 87] 5.80| 0.17
-] 1{Crane Operator 20! 05| 0.17] 0.08]
m._Secise Comk Yo Corrier 20| 20| _ 2|Opemtor 2 & =6l 017
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Table Al-5. MRS-Reference (continued)

— 1) 0 1|Crone Opercster 201 05
[ _m1. Gioes SNF Trargport Cauk Prep Room Door f
i wihy 0, Cperator of 9
. Sep RemAe Eqomens s 5 2| 97| 7279
o.Qu Camic Outer Ud T 600] 0 o{Remote o 0] 000
{ o Remove Remote Cutting Eq fprent T 200 20 [Weldter (7]
g Remove Storage Coak Outer Uid i 0 r:me : 97| 4.50] 0.}
H 30 Ragman 1 10| &7] 4] 0
: 30 CrowOperater | 26| 05| 025 0.)
{v. Attoch Gos B 1 o Cperatar o7] 16.17
& Somple Gos Codly S Cperator . 3] 83| a8
1. Vent Cask Covlly — S Operctor ; 5] a2
| u Remove Sampling/Vening Rg it 10 Opaerator 2| on w17 o
v. Loosen Cask Ui Bolts H 80 2]|Cperoiors 97]258.67 0.67)
w. Instcs Ud Honding Device ! F-] 2|Operators 971 80.83( 021
% Aftoch Itlerfoce Rdue o) ao'fé‘@mm 2| 97| 91.00
. Remove Piatiorn 0] 10 1[Operater 87| 1450 o
2 Operators Clear Prep Room ! 3] [D 0|Cperators ol o] 0.00] o
oa._Move Cask Uncer Cel Port i 3] Remote «% o] o0.00f O
bb. Mate Cask to Port " [ OfRemote o of 000
oc. Port ond Remove Cosk Lid ") ol o|Remcte o] ol 0.0o o
60 o ot - 15| 05{ 050
0 |Rodiotion Protecson_:_ 10| 87| 435] 0.1
|lohi 1520| 1,060 1 1083] 11
8. Recaive and Looded Roll Cask/canister :
ot Marzhaling and R {Fow-Theough) aasume g background
Q r=pect Bis of Loding, Other Shioing Popen 10 o] 1iCperotor " 0 o] 00 00
. Pull Cank ivio Secustty Avea 8| [ 1|Pme Mover Operctor: 151 05| 00| 0.0
| c Seaustly Pepection 0 30| 2iSecutty Officen 17] 1700 0.0
. Pertorm HP Survey of Cosk Exdemcis and Traler 0| 0 2[Rodiation Protecton &3 43 00
«. Icke Cauk to Protecicd Areq T 00 10 1|Prime Mover Operotor: 15| 0S| 0.1} O
{. Unhitch Off-Stte Prime Movar H 10} 10! Prime Mover Coerciar: 151 0! D,
Hiich Ste Prime Mover 10 10 Prime Mover Operctor 151 051 G
h. Move Caak fo Protected Areg Gate i 30 30 {Prime Mover Operctar 15! 05! 03[ 0.
L Pr: e 20! 2{Securty Officen 0 o 0ol o
Un-hitch On-Ste Prime Mover 5 Prirne Mover Operator 15! 0. 0] 0.
i Hitch Off-Site Pme Mover ! S Prime Mover Operotor. 151 0.4 0] Q.
Total i 175] 16 : s20|
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Table A1-6. MRS-TSC

Total Doses per Cask Handing for 1SC af the MRS | I R |
lmmg_ogmms 0 Rl rrremAtY —_Jposgond
wT) Lid coses _lnvemay e
Transter Rol 1SC info MiS Siorage &0] 10 &1 gmm =
Step-(1) onghr NG
lwummgﬂp,mmmsrseak conk 8d eCO! 1
Stepe - 23N 4| 79¢]Loterdl Sdn 3;:«
fotoroge cosk rvemel {ERS
Load Aol 1SC for Roll shipping, from truck $PS casks lid closss ] ‘
Steps - 235) 16| 4 1.16]m- %
_— Jouter
Cef Rall 1SC from MBS Hiorage & ship Jipftx conkBd |
Shep- (&) 46| 65 | 530 [toterct Sdn ﬂ
ol Flow (computod on MRS-RDS flow sheeD
ol Sow B the Kame for ol fechnoiogles.

Cak Hondling Opeatisns
1. Recelvs and TSC fot

o Fmpect B of Lodkng, Other Sipping Popen
Al Cank into Securtly Area

C.

BlB[B[8 Dote ReceivecPencrymrem)
Background Dose (Penon-rrem)

3|8e]o] |Dove timetin)

Unhitch Ste Prime Maover

- o C
|a Pedomn HP Survey ct Cank Bdemals and traler ' 2|Rodiation Frotecton 2 &
. Toke Caak 10 Protectad Areg 10! Prime Mover Cperator] 15 05| 0.08
1. Unhitch Oft-Ste Prime Mover 10] Prime Mover Operator}  15° 05| 008} O
@ Hich Ste Prime Mover 0] Prime Mover Cperaitor}  15: 05|  0.08] 6.00
i Toke Cak 1o Recetving and Shipping Boy Door 0] 1|Pame Mover Cperaitar]_ 15~ 0.5(__ 0.08| 0.00 A
P g Door, smitanecus ] O:
ﬁlT&ocdegmc\dgmg . 0.
1 10 &7 0] ¢
1{Prime Mover 15! n,si 008

I
jer o) |3] 8] 180 &_g‘lg‘_igﬁﬂgg_pﬁ Total Tosk Ime(Min)
§
tod
&lo
o
8
8l8

§. Close Receiving ani Shipoing 8oy Door, smuttoneous |Opercitor ) 0] 0.00{ 0.00)
% Remove Persornel Bcerier 25 2|Cpercion 2| 32| 26.67] 021
(CRAIMS Crane red bickgrousyd dow) P33 Crane Opercstor 2 0S| 02 cio
L_HP Susvey 10 2iRodation Profection | 2. &3] 14331
m. Remove impoct Urstens 90| ___2|Cperciion 3. 3| 900 O
90 Crane Operotor D 0S| 075
N Remove Tiedowns 50 2|Cpencton 2 X 5333
50| Craw Operotor 2__05 2! 021
©. Rernove Trunnion Blocia 10[ _ 2|Cperotons 2 a' 10.67
1o Crone Opercion 2 0S| 008
Fg.AmeutoYdto -5 Operaion 2 ___0Of o000 o
R Rogman 10 o! .00
S| lCGowCperctor | 20 0 000
ja- Engoge Yoke %o Cark § IM; 2.1 e
sarme ot MRS-MPC: to this poird) Ragmon 1087 Q73
5 Crorw Operotor 2005 o004l O
r. Open Prep Room Do 5i QJ Opercttor [} O’ 00} o
Move Coxk fto Ceui Prep Room Washdown Areo 10 10 2|Operators 1018 0.6] 0.08]
F 10] Crane Opercter 2 05 o1} oo
10 10} Cperter & 87 1.5] 0.04
[0 Cperotor 0__of 00| O
X0 X 17] _17.0
15| Rociation Profection 1 4]  108] O
1 1 Cpecater 687 15 ood
10 __10f 2{Operatens Y0__18] 06 008
10] __1|Craw Cpertor _ 2 05 ol
5. Place Ti Cosk on Caormier 20 0 2|0peratory 10. & 8.7
0 Crone Opergtor 20 05! 03! 01
s7. Secure Conk fo Carter 2] 20| 2lOperotors 2| 9.3 017
3. Disangoge Crane wATh Yoke ¥om Cosk smuftaneouty 10, Opercitor 2 17 28| 0.04
10{ Rogman 1087 1.5{ 0.04]
10| Crane Operotor 2 0S Qi 0.04
T. Move Cook 1o Storope Yad @] 30| 2[Opemiton 0. &7]__8.70] 0.0 P e
(.t bockground dose while moving) &0 1 [Troneporter Operates 15 0S| 0.50] 0.00) '
A-36

SO 0 TN S IS DO 500 ) 06 A U DO A A | M N P SO SO I S e A e S 00 o R O S e g =



Table A1-6. MRS-TSC (continued)

| 20 RodcRon Protection |10 _&.7] 435
‘umwm‘lm 1o| 10 2{Opergion 2 591 19.67{ G.67)
(osssme BFS1 bockpround doss) 10 o or | 15, 05| 0.08
110 Rodation Protection | 10 _8.71 145 (
v. Poce Storoge Cosk on Pod &0 30 2 2 59 59.00
&0 o Oporctor | 16 05| 0.50] 2
30| ViRodotion rcection | 10! 87] 435
w. Retum UnfoadedTr to Trarsier Foclty 50, 25 2{ Opergton ; 0f _0.00{ O
(redl bockground dose while moving) 25 0 0.00{ O.C
- - 0 0.00{ 0«
Total 90| 1065 0 1
Receive ond SC fot
Q Bs of , Othet o] 0.00
b Put Conk info Secaustly Area 0| _0.00 O
c. 0] _0.00! 0.00;
d. Pedomm HP of Conk Bxdomals and Froler ol 0.00] 0.00]
Fe. Toke Couk o Protected Area o] .00 003
1. Unhitch Off-Ste Prime Mover o 0.00] 0.00
Hich Stte Prime Movet 0 __0.00] 0.00]
h_Toke Cosk fo Receiving and Shipping Bay Door 0] 0.00| 0.00
hl ond Bay 0.00
Door, 0f 0.00
i Toke Conk irdo ad 0] 0.00
e 0.00!
i Uriitch SHe Prime Mover ol 0.00
[ _ji. Close Receiving and Shioping Boy. .00
Door, simuttanecusly 6 0 000 0
& Remove Tiedowrns 3 0] 0000
L Remove Taunion Blocks 3. O] 0.00{ 0.08
l(wmaabmdwo dow) 10! Crone Operater 20 O 0.00 0.
i\ SNF T Conk Room i 0.00} 0.00}
Door, simuttareosly 0 1{Operctor 0:__9| 000 000
m_Attoch Crone to Yoke S > [Cperctor 2. 0] 000 0.02
‘(mmwmmgﬁi ] Rogman 10 O 000 0.
5| Crane Opercior 20. 0] 0.00] 0.02
n._ Engope Yoke to Cok [ ] Operator 2. ol 0.00] O
S' Rogman__ 0: 0 000
[ Crarw Operotor 1] 0] 000 002
o Move Cask nto SNF Transport Cosk Prep Room 0.00] 0.
Washdown Ared X2 O 2]Operators 10 0] 0.00{ 025!
30 X/ Crane Operator - of 0.00[ 0.}
| retcd Picttomn 10 [4) Cperator & 0| 0.00] O
q Washdown Comk 30 0 2]|Cperotor 2 0 .00
1. HP Survey 35 35 2jRodiction Protecion 2. 0 0.001 04
1 Remove Patform 10 0 Coeratat 6 O 0.00] O
1. Mw.‘lmcciﬂom 10, 0 210pecators 70 0 000 O
0 Crane Operator 2 ol 0.00] O
fu m!mcuoncm 3] 20! 2]OCperGion 10. 0] 0.00| 0.17
20 Crone Operctor .4} 0 _0.00] 0.08
v. Secure Conk fo Camer 2 XD 2|Operator 2 Ccf ooof 017
2 2 Crone Operator —2 0| 000/ 008
vl.GmWmeggQ 1~ 0.00] 0.00
Room Door smestaneously 5 1{Cperater 0 O 000 O
w. ok Shield Piatform X 0 Cperator [ of 001 0.1
% Loown Cask Lic Botts <0 90 2|Opergton 0f 0.00! 0.7
y._{atol Ud Honding Device 2% 25 2|Operators o] o000l 021
2 Atsoch tertoce Rxhse 0 30| 2|Operaton 2 0l 000! ¢
oo Remove Rattorn 10| 10 Operctor ¢ O] 0.00] O
bb. MWMM OjCperators [} of 0.00{ Q.
e Wiove Gk Undier Cel Port S| ojRemote o 0000/ 0
od__Mate Cank to Port 30] 30|  OlRemcte 0 0] 000 O
9. mPoﬂa\dWCukbd 30| 30 OlRemcte 0f 000 O
Total 470! 740 0.00! 3.69
3. Lood/Unioad SNF (Tronsier) ossume ruf ound dose
¢ retal g Spocet 0 Remote - 0l __0.00 0.
b. Get Baye SNF Gropple 10 0 ORemote )i 0] 0.00] 0.
c. Get and O Bare SNF onembly 10 0f  OfRemcte 5O __0.00! 0.004
d Emoioce Bare SHF assembly f necenary 10 0 O|Remcte 0 O] 0.00 0.00]
[o. Put Bore SNFin Can 20 0 OjRemote o _ o] 0.00] 000
{. instol Can Ud 30| 0 0OjRemote 0: 0| 0.00] 0.00
Total 100 0 0.00| 0.00
4. Prap ISC from SNF 1 1
Cel for Storoge =Ume STans endlose bockground dose
a From Cek. istal TSC Shieid P 25 0! 0{Remote 0 0| 000 0.00
b. Reploce Port PR 10 0 OiRemote 0 0] 0.00! 0.00
0] 0| OjRemote 0 0] 0.00! 0.00

<. Unmate Storoge Cosk from Port
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Table Al-6. MRS-TSC (continued)

a Open Trcrwler Skrion Door 0__0 000 0
. Move Cask indo Sioroge Coak Prep Room 10. 87] 435] 01
. HP Survey 2 50! $0.00
g Remove Fnwer Uid Handing Device 20 97| 6467l 017
10 87] 14| .04
2' 05 008 0.
1. Closs Teareter Siaion Door, siraftuneousty o _of 0.0 o
h_Secure Cank Bofied Fvver Ud 21 97: 97.00[
i Connect Evocuaiion/heding Ecuipment 21 971 16.17
} Evocuaie and inet Cask TR ISR
_ &5 Cperctor 0] 87 653] 19
& Dscomnect Evact 5 L3 Operator 2 97; 8.08] 0.
{ Place and Sed Weld Vave Cover 90) 90, [Weldier 2; 97| 14550
| m Poce Outer Lid 0 0 rg&r_ct 2, 60/ 30.00! 0.1
0 Ragman 10;_87] 435 0.
30 Crane Operalor 2. 05( 025 0.1
n_Secuze Cosk Bothed Outer Lid X X Operaors, 2i 60| 60.00
o. HP Susvey Cask &0 wl 2{Radiation Protection 2| 5% 50.00
. Open Storage Coxk Prep Room Doar § [] Operator ] 0.
q Move Cauk to Sicrage Cask Staping Asea E) 0] 87] 435 0.1
0| "arspottor Oparater | 151 at
1. Clows Storope Caiik Prep Room Door § o] Operator o! .00 ©.
s Ursectse Couk froam Caer 6] 10|  2|Operatons 2| 9| w47 o
 t Engage Storage Cosk with Troreporier so] 0] 2 59| 0.00f
&0l 30| %&«_@g 15, 05! 0251 .1
u Secure Cask 1o kareparer 2] 20| 2|Opeoton 2. %] w301
v. Move Couk fo Stetoge Yord 0] 30| 2|Operators 10t 871 8.70] o.
(rufl dose bocigound whie Movng) 60! flrarsporter Operator |15 Q5! 0.50] 0.00
0| [Rodation Protection | 10: 87|  4.35] 0.00
w. Unsecure Cak fiom Trasporier 20] 10 2[Operators 2 59| _19.67] 0.7
{coame RS backpround o) 20] 151 _05] _0.17] 067
Yo 1jRodtion Frotecton | 10"_8.7] _1.45| 0.33]
x Place Storope Ceuk onPad & 30| 2[Opercion 2! &9| 50.00] 2000
&0 15 0.50] 2
1|Rodiation Frofecion 10. &7] 435 1.00
y. Retum Unlooded Trorwport fo Trorster Foclity 48| 25| 2| Cpeaton 10:  0f 000] O
(caame rudl ose wirde mowQ) 25] 1 or | 15 0.00{ 0.
% 1}Radiation Rrotecion 10; 0} 000f O
fokol 70T : Tl
15.__Prep T5C from SNF Teomster Cell fo Ship RSO CINe SNCIORL
| a From Cel, install Conk Sveid Phug - 9 0|Remote
5. Replace Port Py ! alnzm
<. Urtnate Cask from Port -0 [ DiRemote
o Open Franster Skation Doot [ o] liCperter
®. Move Caosk into Cask Prep Room E 1{Operator
1. HP Survey &0 0 2{Rodation Protecton
2 Remove Lt Honoling Devce r-] 2 2]|Operators.
10 1jRogman
19 Crone Operator
1 g1 Close ranster Siation Door, smultanecus 0 Operator
h _Secxre Cosk ¥viac Bohed Ud N D 2|Opercriors
k Connect i Equicment o" 10 Operctor
L Evocucate ond nert Cosk &S 10 Operctor
& Tiopeator
m. Dbconnect Evaxs Equipment [ S| Operator
L Aocs anct Sed Wisid Voive Cover 9% [Welder
[ Boce Ouser U £ Cperator
30| I%
2 ns Operator
j _Seciwe Cok Boltod outer Lid 0, 0 2)
o. HP Survey Cok —60] 30| 2Rodation Profection
n'mhggmboa 5 2] Cperator
©. Move On-Site P and Troruporter 10 Prep Ared 10 IOI Prime Mover Cperotor|
p-_Unhitch OrrSie PV S S| Prime Mover Coerotor]
[ g Engoge Yoke o Cak 10 1o} Operattor
W 10| Rogman
10} VCrane Operctor
ql. Cioss Pool Frep Area Door. STaltonecus 0] 1iOperator
| r._Poce Cosk on Transporter £ &) 2|Opercriors
&5 1{Crane Opercter
1. Pertorm Relecse HP Survey & 20| 2{Rodiction Protecton
t. fwicd Comi Restrant 0, 70 2{Operators
70] __ 1[Prme Mover Operator
70| 1|Crone Operctor
70 1|Radiotion Protection
u stall Impoct Limites 110 104 2|Operators
10 1{Prime Movar Cperartor
10 1{Crane Operctor
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Table A1-6. MRS-TSC (continued)

110|
v. rstcll Personnei Baver _ 35 35
as
35
35
ond §h Docr, strefionec.s 0
Ix1. Hich Site Prime Mover 0 10|
nnmogmm ) 2
3. Move Cak 10 Protecied Areo Gole 10/ ] 2|Operators
(csume rol 0N SIS 08 SIS SNCIONIS) lol Prime Mover
(oszyne Nt while | Crone
10, Raciation Protection
#mmm S [ 2 Offices
: [ 2
5 1]Prime Mover
. IMck with ofher cok can o (CBRsTe 3 60| 2
Hitch Ott-Site Pisne Mover $ 2
1{Prime Mover Operctor
Tobal 9251 1590
]
§. Piop ISC from 1SFS! Storoge for Shioolng casume I5FS1 bockground dose
a. Install Cask Clonure ] o0 2 21 60 120.00{ 400}
[ 1Pimoe Mover Operator] 150 051  0.50( 2.004
[ 1{Crane Operator 20 05| 0.50{ 200
. 60| 1|Rociation Protection 10 A7 8.70{ 2.00
. Prepare fo Move Otf-Site Trarsporiaion Comk from | : 0.00{ .00}
I5FS Storope Yard ! _ 60 2 2 87 1740} 400
60 Prime Mowver Operctor] 151 _05] 0.50] 2.00
Crane 20' 05| 050} 200
&0 Radiction Protection 087! 870 200
©. Perform Shipping HP Survey Cak 1] &0 2|Operotors 10| 8.7] 17.40] 400
80} Prene Movse Opsrator] _15: 05! 0.501 200
60| Crane Operator zn’-‘o_si 0.50} 2.00]
80| {Rackation Profection 2 8 8.0 ‘ﬁ'
d Decontarninate Cak &0] 30| 2{Operotors 2 &3} 4300
1{Prime Mover Operctor]  15° 05 050 2
&0 Crane Operator 20. 05| 050! 2
Rodiation Protection 10, 87] & 2
. instoll Cosk Restrants 0 &0j 2|Operctors FA 64001 Al
Prime Mover Operater] 15: 05| _0.50] 20
80 oo 20 0S5 050! 200
&0 Rosciation Protection 10° 87 870! 2
1. yutal Impoct Umites 90| &0 2| 2 32 6400 4
] Prime Mover 16 050 0.50{ 2.
|Crane 20/ 05 050 2f
80} 1[Rodiation Protection 100 87 8 2
g. Feich Peronnet Bamer o] 0]  2[Cperatons 2] 2 32.001 2.00]
) Prime Mover 15|05 025) 1.004
30 Crene Oparotor 20: 0.25! 1.00
30 Rodiation Protection | 10 37] 435] 1
| h Prepare Shipping Papets 18 Operator 10._87; 0.001 O
Prime Mover Opecalor] 15 05! 0.00 [Y
Crane Opecotor 20. 05{ 0.00) O
0| Rodiation Protection 0 8.7 0.00{ O.
T Move Cax 10 ISFS Frotected Area Gate 10 10} Operators 0. 87| 2901 0.67]
(cszsme nd dose ot ) 10 Prime Mover Opercior] 15 05! 0.081 0.33]
lol IWM 20: 051 008! 0.3
10 V{Radkation Profecton 10, 8.2} V.45 0.33
luﬂm&v&bm 10 10 2, 100 821 2.901.Qu
10 1{Prime Movet 15! 05] 0.08] O.
& Hitch Orf-Site PM 10 10| 21Operators 0° 871 290 O.
10 1iPnme Mowver Operceor]  15: 05|  0.08| 0
lotol ml 14101 i : 466] &5
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Table: A1-7. MRS-MPU

lwmucel:_mumdhm RS meemAy —Jeockgound
Rovieed 2 June MHWS 2 J5d doves rvem/y
Obect | Sun__jner 20i0reC 00N
|wmmamg perorreee) | aone] 028
Sops -(234568) 1873 71| V4 ook i Secon 1
fLotercs San oot
[toad MPU for Storapa - Sterope cok nvemAy Eal
Sopn - 23456 1,708 381 1,731 Ud coses
Jirner ng
Trcvatec MPU irdo Siorage outer o
=(H 441 8] 4s4fTp/ix_comk i v |
— Loterct Sdn 7§
TrapslerMPUSomstoroge foeshipping 1 [ 1
Steps - (9) s8] __nl 221
{Roll Fow all fachnologies
Shown on MRS~ RDS spreackhest
hown e - RUS:
g /
e g E
El é E z g
-
BN ERE
Conk Opemtion S § S g g Ry
1. Beceive ond Prep MPY ot
cueume ruf bociground dose inifially
for 0 o] ool o
i3 00{ O
2 17 13
2] 43
151 0S| 0l Q
15]  05] 11| 0.
15 LS ] ),
l§|-_ G
[l [
s 05 [ o
lol (.7l 0.7] ¢
1! 6s) ol o
of o 00 ¢
2[ 32|  242] O
2{ 05 02 O
2 43 143} O
3 2] %0 Q
2 05 0.8
2 $3.3
20! 0.5 -02)
2 E-] 10.7)
] ©.)
2
10
o) 0 0.0
Engage Yoke fo Caak [] [3 2i 17 A
3 3 [Rogman lol 87 27]_o
ICrane Operalat 0 05 00| Q
[+ Engoge Storoge (ask with Transporter & 2 2| % 0]
60} Radiation Profecion 4 11 1.0
0| B3] 05) oS
3. Secause Cank Yo Treruporier zm% 2| [CEEXEY
2 1 iRadiation Protecion 2 1 37
20} 3 o or 15 0! 02| O
t Move Cask fo Steroge Yard &0] 30| _ 2lOperotons 10| 87 (V)
& ot Cpecator | 15| 0S8 0.5}
20| Rodiation Proteckon |10 87] __ 44] 01
u Unsecire Cask trom Troreporter 20 10| 2|Opercrtors 2] 5% 197 O
2 [irGoporter Cpeoter | 15) G5 Y
10 |Rodiation Protecsion 0 87 5| _ao4
v. Pioce Storoge Ceak on Pod &0 30, %_w 2| 59 50.0[ 025
-] 1{Trarsporter Operator 1505 0.5 0.25
0 1 JRadiotion Protecton 10] 87 44] 0.1
. Botum Irroport 4o Trarster FocBty S0l 25| 2| Opergion 0] 87 73] o)




Table A1-7. MRS-MPU (continued)

or QoOrotor 1] 05 0.2 o.lg
Radiahion Protection o[ _87] 38| 01
Tokat 620 461 3
2 Recews Emply MPU Gee MPC joble Step2)| __ 200 0.00] 4.6
3. Receive Unloaded Universol _ :
oV {so0 MPC é) 400 8 : 000 8.35]
] | |
4. Lood MM into e MPC fable 1wl o 0.00] ).
€. Prop MPY for SNF transiet Cel
a. Instoll Pictfoan 10 0 Operotor [} 1]
b. Crane 1o MPU Lift Attachment 100 % or 2 4]
r____l‘g 0] Rogman lol 0]
| Crane Operotor 2| o o
< Move MPU Over Storape Cok 0, %W 2|Opeion 0] __o0f__000
{ [Crane Operator 20! of 0.00]
ol Verily Verical of MPU fo Operator 0| 0.00
Rogman 30 0 0.00
Crone Cperctor 20| ol 000 00
] 1. Lower MPU info Storoge Caosk 0] 30 Cperator 0 0.00 X
0, Bogman lo‘ oi 0.00 ,
0 CrawOperator | 20{ ©0f 000 0
g Disengoge MPU Liftng Atiachment 10] Operctor 2l o] o000 ¢
0 ARogman 10] D 1.00{ 04
0t Crone Operator 20} D) ).00
n std a 0} 2|Operaton 2| o 000 0.1
Crone Operator 20 o  0.00] 00
L Prace MPU Shieid P 0 2|Cperators 2l o ocoo| o3
304 1Ragman 10! 0 000 0.1
30 Crone Operctor -1 of o000 01
| Afioch igerfoce Future % 0] 2|Operciors _ 2| o ooof Ot
k. Remove Aatform 0} Qoercter [2 of 0.00] O
[[L Move Cask Undler Cell Port 3 ) OlRemote 5} o] 000 o
. Mcte Storoge Coek o Cell Port x| 20 0[Remcte o _of o000 o
. Remove Port Plug and MPU Shield Pl 15 2 2! ol 000f O
15 Rogman 10| Ol 000 O
15| Crane Operator 22| 0 0.00 3.
Totol 215 445 0.00 1.9
6. Load SNF into MPU/Trons ion- of MPU, ot Emplocement
Tolal { 100 .00l 0.0
7. MPY, from SNF Sranster cef fo Camme CToNe encioxre bockground dose
Total l 3255 _1251 I,mi 1
8. mgmmaMMWmmcnu CERITY® CTONe eNcionse OO
W0 1jCrone Operctor 2| 05 09 37
10/ 1|Rodiation Protection 10} 87 160 37
o nstcl Persocyel Boarier B X 2|Operators | 2] &) 02 2
35, Prirve Movar Operator 15 05] 03
p -] Crorw Operator y-+] asl 0.3 1
Rodiation Protection 0p 87 S. 1
. ond Docr, smutoned 0 Operctor of o oo o0
2. Hitch Ste Prime Mover 0] 10| Prime Mover ol 15 0.11 0.0
3. i 20 [) Operator 0 1) D.O{ 0.0
00. Move Cask to Proteciod Area Gote % 2 10 87 29 O
(osarne 1ol % GO IS C8 Crane end Prime Mover Operotor] 15| 0.5] 0.1 0.
(caxme Nt bockground while moving) 101 Crane Operator 2| 0. 0.
10 Rodiation Protecton 10 8.7 1.5 0.
. Pertorrn Secastty check 5 2 Omcers 2i |7‘ 2.8 0.08
1. Unhitch On-Site Frime Mover 5| S 2|Operators tol 87 1.5 0.0}
5 1{Primve Mover Operator| 15| 0.5 0.0/ 0.0
|ag. Make-up with other cask cars per rain (cey 60 &0 2lopesatortal 5 1.2 24| 05
. Hitch Off-Ste Prime Mover 5| S| _ 2/Opercion 0] &7 15 00]
5 1 {Prine Mover Operator 15| 0S5 00 O
Total 3580 22785 1,878] 55
9. Prep MPU from for casume vhaly In ISFS! for bockgraund gose
Q st Cask Closse 0| &0 2{Operotors 70] 1400| A0
60| Prime Mover Operator{ 151 0.5 0.4 2
&0 Crane Operotar 20| 05 05 2
&0 1|Rodiation Protection 10 & 8. 20
b. Pr 10 Move Off-te Cask From 0.0 0.0
559 Storoge Yaxrd 40! &0 2{Operatorns 2] 19.7 N4 AD
& 1 {Prime Mover Operctor| 15 0.5 05] 20
&0 1{Crone Opecdicr 20 0.5 05 20
60! 1} |Rockation Protection 10 8.7 8.2 20
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Table A1-7. MRS-MPU (continued)

. Periomm ) HP Srvey Cak A 2 o] & 203 4
Prime Mover Cperator| 15| 0. 0.6
70 Cane or 20| 0 )4
70 1]Rodiohon Profeclion 2] &) 502
d Decontaminole Cak &) ) J{gm 2 & 2
[&r neeced) Prime Mover Cperator! 15 0.8 0.0,
Crane Operator 2] 0 0.0/
5 Rodiation Profection 10] & %)
. Nstoll Cank Restrainds 204 70 F 2 3 47| &
70} Pme Mover Operatur]  15{ 0.4 0s] 23
o ___] {QCDMG » of 8] 2
70 Radiation Protection 10| 87 1 2
1._irstcs inpact Liniters ond Newtron Shisics Hnop 1o 2| Operators 2 X 123 7
Prime Mover 151 05 09 3
Crane Operator 205 o9 3
10 RodictionProtecion | 10| 87i 140] 3
2. sttt Persornel Rosmier Wl B 4 2] 32 373 2
) Pime Mover Openctor | (1] 03
35  Operctor Y] 03 1
35 Radiation Protecion 8.7 N1
N\ Prepcrs Shipping Popes 2N q Cperator 10] 8.7 20| @&
0 Prime Mover Operator Igi__(g 09
[l Crane Opercior 2| oS
O Raciation Profection | 8.7
- | P, hitch OnSte PM [} 2{Cpercion 87l 15
§! Prime Movar Cpercior|  15] 0.5 00
i Move Cak 1o ISP Protected Area Gote 10 10 2 0, 87 2 0.
0 Prime MoverOperctor!  15] 05 0.
10 |Crane Operator P Y )
_ 10 | Raciation Protecion IOI 3.7 1.5,
} Unhitch On-Ste Pi/ S 3] 2|Operators 10 87 1.5
(rafl bockgrourxd k) a Pdme Mover Operator|  15{ 05 0.0
i Hitch Off-Ste PM [ 2]|Operaton 1] 87/ 15
) 1jPime Mover Cpecoter] 15} 05| 00|
Total s10} 1.n0| 1 I 5616}
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Table A1-8. MRS-MPC

Total Doses per Cask Handiing for MPC of the MRS [Rai rmysmvie Sackground
Revied 2 June 94/HWG jud doses rrevhe
L Drect [Bkgd |Sum |inner 20jareq
[Tood WPC for ) outer 97|crone] 0
Steps - (10.11,12.13,14.16) 1873 711 19451Tp/Tx cask id decor] ¥
{Lotera! Skin pool
Load MPC for Storage Storage oask meemvhrt  ISFSI
Steps -(10,11.12,13.14.15) 1708 28] 1731|Ld doses ]
nner 20l
Transier MPC Into Slorage outer o
Steps - (12.34) 1438 19} 1.457{1p/Ix oask id o
Lateral Skin 70
'hﬁwmmmmmm
Steps - (5467 89 1534  86{1.520
Ral Row h ail technologies -
Shown on MRS- RDS spreadsheet
E
[
3 E
g o §
5 R E b
4| ¢ R
[
§ | 2 é E § 3
KR gl 3 § gl 8
- -
i & g H % 8 & 3
3 8 @ § i 8%
Cask Hondling Operctions 2 o e 2 3 & &
1. Receive and Prep MPC/Transporiation-
ovetpack for MPC transter cssume nul bockground dose inlticlly
Q. Bis of Lading, Other Shipping Popers 10 10 1|Operator 0| 00| 000
b. Pul Caskinto Secuity Area 5 S 1|Prime MoverOperator. 15| 05( 00! 000
c. Securty inspection O 0 2|Securily Officers 2 171 17.0{ 0.00;
d.  Perorm HP Survey of Cask Extemals and RR car X 10| 2iRodiation Protection 2 a3} 143] 0900
e. Take Cask to Protected Area 0 10| Prime Mover Operator] 151 0 0.3] 0.00
t.  Unhitch Otf-Slte Prime Mover 0| 10/ Prime Mover Operctod 151 05| 011 0.00;
g. Hitch Stte Prirne Mover 10 10 Prime Mover Operatos 15| 05| 01| 000
h. Take Cask to Receiving and Shipping Bay Door 10| 10| 1|Prene MoverOperatod.  15{ 05! 0.1f 0.00)
hLOpenRecotvhgondSh‘pphgawDoor.mmmow 0 1{Openator 0 0| 00] 000
i Toke Cask into Recelving and Shipping Bay 5| 5| 1|Prime Mover Operator, 151 05  00( 000
S| 1|Ragman W] 87] 07] 000
. Unhitch Site Prime Mover 10 10| 1{Prie Mover Operatod 151 05 0.1} 000
1. Ciose Receiving and Shipping Bay Doox. Simultaneous 0] 1liOperator 0 0] 00| 000
k. Remove Personnel Bamer 5| 25 2{Operators 2] 3| 267 000
25 1]Crane Operator 2] 05| 02} 000
L HPSurvey 25 10 2{Rodiiation Protection 2l &3] 143] 008
m__Remove impoct Umiters 0] 90|  2{Operator 3| 3| 960} 075!
90 Crane Operator 20| 05{ 08] 038
n. Remove Tiedowns 5| S0 2|Operaton 2l 32 S33] 042
&0 Ceane Operator 2] 05| 04] 021
6. Remove Trunnion Blocks 10 10| 2jOperaton 2] 3R] 107{ 008|
10 1{Crane Operators 201 05 01 004
p. Attoch Crane to Yoke 5 5| 1{Operators 2 o on} oM
5| 1|Rogman 10 0, 00| 002
S| 1|Crane Operator 20 ol oo oo
Q. Engage Yoke to Cask 5 S 1{Oporators 2 17| 14] 002|
S| 1{Bogrman 0] 87 07] 02
5| 1jCrane Operator 2| 0S| 00] om
1. Open Prep Room Door 2 [ 1jOperator Of 0 00} 0.
<. Move Cask into Transport Cask Prep Room Washdown Ased 10| 10 2|Opergtors 0] 18 05 008
10 1{Crane Operator 20| 05| 01} 004
t. Instol Piatformn 10 10| 1|Operaior é 87 15] 004
1. Close SNF Transport Cask Prep Room Door, simuitaneous 0 1iOpeorgtor ) 0] 00 000
u. Washdown Cask 0, 0 2|Operaton 2 171 170{ 025
v. HP Survey 35 15 1{Radiation Proteciion 2 43| 108} 006
w. Remove Piattomm 10| 10 tjOperator 6 87 15) 004
x. Move Transport Cask to Camet 10! 10 2|Operators 10{ 18] 04 008
10 1{Crane Opergtor 2] 05{ 01} 004
y. Place Transport Cask on Camet 0 0 2{Operators 0] 87! 87 025
0 | Crane Operator © 2201 05{ 03] 013
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Table A1-8. MRS-MPC (continued)

|2. Secure Cask to Cartier 2 20 2{Operators 2 7 N3] 637
4. Deengage Crans with Yoks from Cask, sivultaneous 10) tiOperator 2] W[ 28] on4]
10 1{Rogman 0] 87 15[ 004
10| 1|Crane Operator 20 05 01} 004
aa. Open MPC Tranuior Room Door 5| 0 1|Operator ‘0 0 00| 0.00]
bb. Move Cask Camier info MPC Transfer Room & &S 1[Operator 10] 871 65| 0.19
bbl. Ciose MPC Trangfer Room Door 0 Operator 0 0 00| 000
cc. Attach Vent Rig 10 10! Operator 21 97 162 004
dd. Vent Cask Cavity' 10 5, 1{Operator 2| .304] 33 oqz_'
-ad. instat Pliatform Extension 10| 1|Operator 6 87 5[ 004
60. Remove Vent Rip 10, 10! 1{Operator 21 97| 162 ongl
11 instal Cask Lid Lifting Device 2 20 2|Operators Y 97] 647| 0.37
10, Rogman 0] 870 15/ 004]
10 Crane QOperator | 20 o0s| 01} 004
9. Loosen/Remove Cask Lid & & 2|Operators 2] 97| 1455] 038}
0 Aogman 10] 870 44l 0.13]
0 Crane Operator 2] 0S| 03] 013
hh. instal Contarnination Control o 10 10 2|Operators 2l &3] 143] 008
L Engoge MPC Craine Lifing Attachment $o MPC ¥ S 2|Operators 2] 220[ 1833] 021}
2 Ragman 0] 87 29| 008
20 1|Crane QOperator 200 05|  02] 008
Total 715! 1.020 754 5
2. Recsive and Prep pack
f‘ (emplacement-cverpack) for MPC Transter assume Crane enciosure background dose
a. Open Storage Caask Prop Room Doot 5| 5 1|Operator 0 0] 00/ 00
b. Engoge Crane and Yoke to Storoge Cask 10 10 1!0perator 2 0f 00 004
10| 1{Rogman 10 0 0D0] 004
10 V|Crane Operator 20 o OO0 004
c. Move Cask to Empty Storoge Cask Staging Area 2] 20 2|Operctors 10 0| 00| 017
20 1|Crane Operator 2 0 00| 008
cl. Ciose Storage Cask Prep Doo. simuftanecusly wih c. 20 1{Operatof 0 0| 00] 008
d. P Survey k] 35 2|Radiction Protection 2 0] 00| 029
©. Decontominate Cask [-¢] & 2iOperctors Y 0} 00| 050
£. Move Storage Ceak fo Canier 10 10 2iOperators F 0 00| 008
10 t|Crone Operator 2 0l 00 004
_g. Ploce Emmply Storage Cask on Comier 35| 35 2{Operators 0 0f  00f 029
35 1{Crane Operator 20 0 00| 0.8
h. Secure Empty Storage Cask on Camiet 20 20 2|Operators 2 0ol __0op| 0.7
h1. Dsengoge Crone ond Yoke from Storage Cask, seTuRaneols 22 1|Operator 2 0{ 00| 008
20 1|Ragman 10 o] 00| 008j
20 1{Crane Operator 20 o 00 QQJ
1. Open MPC Transter Room Doot 5 S }|Operatof 0 o 00 02
1 Move Empty Stotiage Cask to MPC Transter Room 45| 45 2|Operators 20 o 00] 038}
 install Piottorn Extension 10 10| 1|Operator [ o} 0D 004
k1. Ciose MPC Transter Room Door, simultaneous 10 1{Operator 0 0 00| 004
L Prep Empty Storcige Cask for Opening 2 20 2|Opercton 2 0f 0o 017
m. Aftoch bid Ufting) Device o] 20 2|Operator 2 0f 0ol 017
20 1{Rogman 10 0 00| 008
2 Crane Opergtor 20, 0] 00 008}
n. Remove Cask Ud 55 % 2{Operators 2! 0] 00| 048}
5 |Rogman 0 of oo 023
S5, Crane Opergtor 2 0] 00 023
| 0. Remove Lid Lifting Device 20 20 2|Operators 2 0f 00 0.7
20 |Rogrman 0 0] 00 008
20 Crone Operatot 20 of 00 008
p: instol Contamingation Control 20 20, 2|Operators 2 0| 0o} 037
otal 390 755 0.0| 4.65
3. Transter MPC treim Tronsportation-
overpack to Slorage-overpack asSUMe Crane enciosure background dose
a. Engoge Crane to MPC Lift Aftachment 10 S| 2|0perotors 2] 394] 66| 0D
10/ {Ragmian 10, 872{ 15| 00
10! Crane Opetator 20! 05| 01 0D
b. Vertty Vertical Alignment of MPC o Transport Cask 10 10| 1{Operator 2 9| 162 0D
c. Cloar Operators o a Shiskled Area 10 0 o) 0 0f 0D} 0D
¢). Ciose Transtor Room Doors 0 O{Remote 0 ol ool 00
d. Rase MPC from Tronsportation Cosk 0 0 O|Remole 0 0 0Dt 09
©. Move MPC Over Storoge Cask 5 0 DlRemote [+] 0 00 09
t. Verly Vadical Aignment of MPC to Storage Cask 10 [1) OlRemote 0, 0f 00| 00
g. Comect Verticat Alignmont 20 0 O|Remote 0. 0] 0D 0D
h. Lower MPC into Storoge Cask ko 0 DjRemote 0. 0 00| 0D
hl. Open Transter Room Doors 0 D|Remote 0' 0f OD! 0D
i. Radiation and Contamination Survey 25 45 2|Radiation Protection 2 59 885 04
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Table A1-8. MRS-MPC (continued)

;nommwmwmmwc 0 20| 2|Operators 10i 871 S8 02
15, 1{Rogman 0] 871 22| 01
15| 1jCrane Operator 200 05| 01} 0.1
k Disengage Crane from MPC Lift Aftachment 10 S| __2{Operatons 2] P4 651 00
10 1jRogman o] 87 15| 00
0 1jCrane Operaior 200 05{ 0.1] 00
Tokal 210 185 1290 1.0
4. Prep Looded MPC/Storoge-ovepack from MPC
fransier coll o assume crane enclosure backpround dose
a. Remove Contamination Control From Looded Storage ¢ 20 20 2|Operators 2 S'l »3| 02
b. Instcl Cask Lid &0 0 2|Operators 2 971 970! 03
0 10; 871 44| 01
30 Crane Operator i 05] 03] 01
&0 1|Weldet 2{ 971 9710{ 03
. Remove Piatforn Exention 5 2|Operators [ 11} 18{ 0D
cl MPC Transter Room Door. simutt with C. Operatot [4) 00| 00
d. Move Loaded St Caskio Cask Prep Room 10 10 Operator 100 871 15 0O
. Cioss MPC Transfor Room Door S 0 Opergtor 0 00| 00
. HP Suvey Cask & 0 2|Rodiction 2 S 50| 03
q. Unsacire Loaded Storage Cask from Comier 2 10 2|Operators 2. S| 197{ 01
gl Engape Crane with Yoke i 2|Operaton 2 W4 66 09
10 10! 87 15} 00
10 Cronoe Operator 20 05! 01] 00
h. Open Storage Cask Prep Room Doot §| [ Operator 0 0} 00| 0D
i Move Loaded Storoge Cask to Transpotter Bay 10/ 10 2|Operators 10! 871 29, 01
10! Crane QOperator 2| 05 01 00
. Deengoge Crane from Loaded Storage Cosk 10 10 2{Operators 2 %4 1] 01
10, 1{Fogman 10f 871 15] 00
10 1{Crane Operator 20! 05{ 01] 00
L Ciose Storage Cask Prep Room, simuftaneous [V 1{Operator 0 of 00| 00
k. Engage Looded Stotoge Cask with Transporter &0 0| 2|Operoton 2 S| S90f 03
] __ 1[lronspotter Operator | 151 05 03 0.1
K. Secure Looded Storage Cak to Transporter for 20 20 2{Operators 2i S| »3] 02
I anLoodedStogggCaskfosbmgoymd & 0 2|Operators 10 87| 87} 00
| (nul background dose while moving) €0 1|Transporter Operator | 15| 05! 05{ 00
30| 1|Rodiation Protection W 87| 44] OD
m__ Unsecure Loaded Storage Cask from Tronsporief 2 10/ 2|Operators 2 00 233] 07
20! 11Tronsporter Operator 15 0S| 02| 07
10! 1{Radiation Protection 10f 87 15] 03
" Ploce Looded Storage Cask on Storage Pod D) 20 2|Operaion 21 7] 700 20
& 1[Tronsporter Operator | 15! 05 05 2.0
10 1|Radiation Protection 100 827] 15 03
. Retum Tronsporter to Transfer Facilty 0 =] 2|Operators 10; o 00| 00
(uniloaded & null backaround dose while moving) 0 1|Transporter Operator 15! 0 00{ OD
25/ {Racdiation Protection 10§ 0 00f 00
Total 475] 740 N 5547] 83
)
5. Looded MPC. ¥ for MPC Transtes for shi assurne 1SFS1 bockground dose
a. E St Cask with T o &0 0 2[Operator 20 S| 50| 20
2 Rodigtion Protection 2l P 294 [y
& Transporter Operator 1s; 05 05 20
b.  Secure Storage Cosk to Tronsporter 20 2 20peraton 21 S P 3
20 Radtiation Protection 2i S 92| 07
20 Tfiransporter Operator | 15{ 05| 02| 07
c.  Move Caskto Storape Cask Stoging Area outside ISDSI & &0 2{Operator 10i 87{ 174 0D
(null dose bockground while moving) & 1|Rogrman 0 87| 87{ 00
& 1|Crane Operator 15 05 05| 00
d.  Unsecure Storage Cosk frorn Trensporter p-3] 2 2|Opearatorns 2 % 93] 02
(assume crane enclosure bockground dose) 2 1|Rodigtion Protection 2. 5| 1971 O}
20 Transporter Operator | 15:  05( 02 0.1
je. MmenhYmtomcw 10 S 1|Operator 2. 304 3] 00
10 'I“iogn_m 10! U‘ 5| 00}
10 1|Crone Operator 201 0. 00
T Move Storage Cask into Storoge Cask Prep Room 10 10| 2|Operators 0, 871 29| 01
10| 1{Crane Operator ¢ 05| 03V 00
[.§ OponWOcskPrepRoomDoor.s'Mawom Y 1{Opergtor [+] 0] 00 0D
8- Cose Storoge Cask Prep Room Door § 0 1jOperator 0. of ool 00
h. RHPSunvey 45 2 2|Radiation Protection 2 S| 93 02
i Move Storage Cask to Carmer 10 10| 2|Operators 10. 87 291 01
10, 1{Crane Opetator -] Q5 0.1] 0Os
1. Piocs Cosk on Came! 35 k3 2i0reraton 10 871 1021 03
35 1|Crane Operotor 2 05 03] 01
& Secure Cosk on Cormiet 20 20 2{Opeorgton 2 i 393 02
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Table A1-8. MRS-MPC (continued)

. Dsengogs Crone with Yoke from Cask, simuttaneous 10 1{Operator 2 00
10 1{Crane Operator 10 0.0)
10] VlRogmaon 2 0.0]
L. Open MPC Transfer Room Doot S5 5 1{Operator 0 0.0
m Move Cask to MPC Transfer Boom &| 45  lOperitor 0 02
45 \{Transporter Operator | 20 02
m1. Close MPC Transfer Room Door, simuftaneous 5|  1|Operitor 0 [Ty
n. Install Piattorm Edension 10, 10| 1{Operctor 3 00
o _Prep Cask for Opening 10| 0] 2{Operiofs 2 0.3|
0 Rodiation Protection 10 0.1
-90 Welder 2 04)
- tnstal Cask Lid Ufting Denvico _X| 20 _2/Operctors 2 02_]
10] __ 1jRogman 0 0.)
10 Crane Opevrator 20 0D]
q. Remove Cask Lid 20 15| 2|Operctor 2 Q.
2 Opercton 10 Q.
0 1 RO X 0.
r. HP Sutvey S D 2,Radatbn Protection F 02
|_s. instat Contamination Control 20| 20| 2iOpercton a 02
1. Engage Crane MPC Ufting Attachment to MPC K3 25 2{Opercios : 0
2 1{Rogman 2 2] 0.
20 1{Crane Operator 20 0.1
- fioal 555 1,105 T8
6. Receive ond Prop Unioaded Transposialion-overpack
for MPC fronster assume crans enciosure background dose
a. lnspect Bils of Lading. Other Shipping Papers 10 10 1{Operatot 0 o 00! 0D
b. Put Cosk into Security-Area 5 5 1{Prime Mover Operator 15 o[ 00
¢. Security Inspection LD Ly 2{Secusity Officers 2 0] 00] 03
d. Pecform HP Sunway of Cask Extemols 0| 0[ 2iRodigtion Protection 2 0 00| 03
. Perform Local Decontamination(t needed) & 10| 2|Opercton 2 0of 00 O
1. Contain Contamination & &0, 2|Operctors 2 00} O£
g. Take Cosk to Protected Area Gate 10; 10! 1|Prirme Mover Operator] 0 Qo 00
h. Unhitch Off-S%e Prime Mover 10 10! 1[Prime Mover Operator] 0f 00| OO0
L Hitch Site Prime Mover 10| 10 1|Prirne Mover Operator 0| 00! 00
. Take Caskto Receiving and Shipping Bcty Door 10 10| 1{Prime Mover Operaton o _onl op
1.  Receiving and Shipping Bay Door. simutaneous 0] liOperctor 0 00} OO
k. Take Cask into Receliving Bay 5] 5 Operator 0] 00| 0N
5 Prirmo Movet Operator] 0l 00l 00
1 Unhitch Stte Prin Mover 10 10 [Prime Mover Operator 0 00 00
11. Close Recening and Shipping Bay Doof, simultaneous 0  1iOpewtor 0 00} 00
m Remover Personnel Bartier 35 35 2|0perctons 0 00 03
35 1{Crone Operator 0] 00 01
n. HP Survey 25| 25]  2{Radidtion Protection 0| 00 02
0. Rope Off and Decontaminate Rol Carf neadech [ 10| 2{Operctorn 0 oo o1
p. Remove impac:! Limiters 0 90 2|Operctors 0l 0D 0f
90 Crane Operators 0 00f 04
q. HP Survey of impoct Umiter/Cask interfoce 10 10]  2{Radigtion Protection of 00} 0)
t. Decontaminate impact timlted/Cask Intertocedt needed) &0/ 10 _2(Operctors 00{ 0
s. Rermove Tiedowns 0 S0 2|Operctors 00| 04
Y 1{Crane Operator o] _00] 02
1, Remove Trunniin Blocks 10 10 2| Operators of 00| O
u. Attach Yoke to Crane 5| 2|0pRIaton 0| 00| 00
a Rogrman of 00| 00
{Crone Operator 0 00| 00
v. Engoge Yoks t Cask % 2{Opercton o 00| o)
1|Ragmaon 0| 00
5 1|Crane Opeiator 0| 00 0D
w. Open Prep Room Door 5 110Operator 0 0] 00| 09
x. Move Cask into Tronsport Cask Prop Room Washiown Arg 10 2|Operctors 10 ol 00 O}
10 {|Crane Operatot 20 0l 00| 0D
y. instol Piotform 10| 1{Operatot & 0] 00] 0D
y1. Close Tronsport Cask Prep Room Door, simultoneous 0 Operator 0 0f 0D
z. Woshdown Cask 0 2iOperators 2 0 0D} 03
oa. HP Survey 0]  2{Rodiation Protection 2 o o0o] 03]
bb. Remove Piatiom . S| 1iOperator é Nl 00] 0o
cc. Move Tronsport Cask to Camier 10] 2{Operators 0 of 00; 01
0 t{Crane Operator 20 0 00}
ad. Piace Transport Cask on Cartier 0 2|Opercorns 10} 0
2 1|Crone Operator 2, 0
00. Secure Cask 10.Camer 2!  2/Opertors 2 0f
e61. Dsengoge Crano with Yoks from Cask. simufianeous; 10] YOperator 2 [¢
10! 1{Rogman 10 0
10; 1|{Crane Operctor 20| 0




Table Al1-8. MRS-MPC (continued)

ff. Open MPC Transfor Room Door 3 3 1|Operaton 0 o opl oof
. Move Cask Cammier into MPC Transfer Room 45| 45|  2|Operaton 10 0] 00| 04
1. Close MPC Transfer Room Door, simultaneous 0 1|Operator 2] 0| 00| 00
| Install Pigtform Extension, simultaneously with §. 10; 2{Operatorn 6 0 00} O.
[ ik _tesstall Cank Lid Uiting Dovice 2 2 2|Operaten 2 0f o0 02
20 ‘Bogvmn 10 of 00| O
20| 1|Crane Operator 20 0] 0O0f O
L Loosen/Remove Cask Lid & & 2|Operctors 2 0] 00
&) 1{Rogman 10 0 00
& Crane Operator 20 0f 00
|_mm._install Contamination Control 0 0 2|{Operators Y 0 00
nn._Engoge MPC Crane Lifting Attachment to the MPC. 3 3 Operators 4 0 __00
35 Aogmon 0 0 00
a5 Crone Operatort 20 00
Tokal 940( 1,305 0
6a. Cut open MPC (nof Inciuded In any routine opsration estimales)
5 435
7. Transter MPC from Storoge-oveqack 1o
Transporiation-overpack (assume in ISFS! arex)
Q. Engage Crane to MPC Lift Attachment 10 5 1{Operctors 2 394] 33
10 1{Rogman 10 1 18
10 11Crane Operator 2! 05] 0
b, vambnl A_lm‘d’ of MPC 1o Storage Cask 10 10 1{Oporator 2 971 162
¢. Cloax Operators to a Shiekded Area 5 0 OjOperciors 0 0f 00
cl. Ciose Transior Room Doors 0 1{Operator 0 0] 00
d. Raise MPC from Storage Cask 0 [ OjRemocte 0 0 0D
©. Move MPC Over Transport Cask 3 0| OlRemote 0 0| 00
t. Verity Vettical Aignment of MPC fo Transport Cask 10| 0] OJRemote o 0 00
g Comect Vorticat Alignment 20 0 OjRemote 0 0f 00
h. Lowet MPC info Transport Catk ) 0] OlRemote 0 of 09
hi. Open Transfer Room Doon 0 OjRemte 0 0 00
i. Radiction and Contamination Suvey 10, 10 2|Rodiation Protection 2 43 143
LWMPCLHMMMWC 30 20 2|Opeotators 2| 700 457
15 1}Rogmon 100 87} 22
15 1|Crane Operator 20| 05 01
& Disengage Crane from MPC Lift Attachment 10 5 1{Operators 2 394] 33
10 1]Rogman 10 87 S
10 1]Crane Operator _20] 05 0.
Total 170{ 120 895
8. Prep Unicaded Storage-overpack from MPC \
Tronster Cell to Storage Yord assume crane enciosure bockground infti
2. Remove Contamination Control from Unloaded Storope 2] 20 2|Operators 2| 0 00
b. Install Storage Cask Lid 0 &) 2|Oporaton 2! 0 00
&0 Rogman 101 0| 00
&) 1{Crane Operator 20, 0 00
c. Remove Piotform Extension $ 5 2|Operators [ 0 00
c1. Open MPC Transfer Room Door, simullaneously with © § S| 1}Operator 0 0l 00
d. Move Unloaded Cask fo Storage Cask Prep Room 10| 10| 2{Operatorn 10 o 00
. Ciose MPC Transter Room Door S 5} _1lOperator 0 0| 00
1. HP Survey Cask 45] &5 2|Radiation Protection 2 0 00
| g.mmmvmbmgc& 10| 10| 1{Operator 2 0] 09
0| 1|Rogman 10 0 00
10 1|Crane Operator 20 0 0D
gl Unsecure Unloaded Storage Cask from Carer, Simullongous 20|  2|Operators 2 0 00
| 1]Crane Operator 20 0 00
h.OpmstorogaCaskPmpRoomDoor [4 5 1{Operator 0 0f 00
L Move Unicoded Storage Cask to Transporter Bay 10 10 1|Operators 10 0 0D
10| 1|Crane Operotor 2 0 0D
;. Engoge Unloaded Storoge Cask with Tronsportel &0 & 2|Operctofs 2 0 00
] 1{Crane Operator 0 0l 00
1. Close [o- Room Door, sirmutanecus 0| 1{Operator 2 0] 09
k. Secure Unbboded Storage Cask to Transporter for MOveITd 20 20 2|0peorators 2 0] 00
k1. Dsengoge Crane from Unloaded Stotoge Cask, simulong 10 0| 1}{Operator 2! ol 00
0 1{Ragman 10! 0 08
10| 1{Crane Operator of 00/ 00
L Move Uniooded Storage Cask to Storage Yard &0 2|Operators ol 00} 00
(nul background while moving) &0 1|Transporter Operator 0f 00; 0O
&0 1|Rodiation Protection 0 60y 00
™. Unsecure Unlooded Storoge Cask from Transporter 20 2{Opergton 0 00j 13
{assume ISFS! bockground dose 2 1|Transporter Operctor 0f 00| 07
20 1]Rodiation Protection 0l 00| 07
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Table A1-8. MRS-MPC (continued)

n. Place Unioodec] Storage Cask on Storage Pad & &0 2|Operator 2 0 00} 40
&]  Tronsporter Operator | 15 0o 00} 20
[ 1{Radiiation Protection 0 0 00| 20
[_o. Retum Transportar fo Transter Foclty 5 50 2|Operoion 10 0| 00| 00
(null bockground while moving) 80 1{Trensporter Operator | 15 0| 0D0{ 0O
) £ 1{Radigtion Protection 10 D} 00| 00
Totat : - 4551 1,125 0.0] 140
9. Prep MPC/Transporiation-overpock from
MPC Transter Cell for Shipping assume crane encicsure background dose
a. Remove Confamination Control 2] 20| _2/Operatorn 2| &3] 287] 02
b. inspect MPC Trcnsportation Cask Set Surfoces LN 20 2|Operaton 2] 43| 287] 02
c. Install Cosk Ud 0] 0| 2|Operators 2| M 700 oj
20 Rogman 10 87 29 0.\
20 1{Crane Operator 200 05 02] o
d. Remove Pictfonn Extension S 5 Operator 6 871 07| 00
dl. MPC Transter Roomn Doot, sirultaneous 0 Operator 0 0| 00j oo
©. Move T Caxk info MPC Transportation Cask Prep § 10 10 Operator 100 87 15 00
1. Close MPC Transportation Room Doo. simultaneous 0 Operator 0 of 00} 00
t. Unsacure Cask fiom Carmier 10 10] _2|Operctors 2] &3] 13| 01
11. Engage Crars with Yoke to Tronsport Cask. simutianeous 10 Operator 2 17| 28] 060
10} Rogmon 10 87 S5 00
10| 1{Crone Opeigtor 20| 05 01 0n
| 9. Move Transport (Cask fo Washdown 10] 10| _2|Operciors 10 871 29 01
10 Crane Operator 2| 05 0l 00
h. instofl Pigtformn 10| 10! Opeorator 6| 87 15| 00
L. Decontominate Cask 180} 180 1|Operator 6 87] 261] 08
| HP Survey O 20 2|Radiation Protection 2] &4 287] 02
k. Rermove Piatforn 5 §f Operator 6 -87] 07| 0O
k1. Open MPC Trarsportation Cask Prep Room Doot, simattaneots Of Opergtor 0| 0] 00} 09
1. Move Trarsport 1o Receving and Shipping 10 10| 2jOperaior 2] 87 29| Q)
10| ICrane Operator 20{ 05 01} OO
11. Close MPC Trensportation Cask Prep Room Doot. sirnuBaneous O 1{Opergiot 0 0 00] 09
m. Uit Cosk onto Rol Car 0 4 2{Operator 10 18] 24} 03
L 1j{Crane Operatot 2| 05 03] 02
n. Dsengoge Youn 1] 5 1|Operator 2 17| 14| 00
0 1|Ragman 10! 87 15| 00
0 1|Crane Operator 20! 0S| 03] 005
©. Instal Trunnion Blocis 2 2 2|Opercton 2 | 2131 02
2 1jCrane Opetator 22| 05 02 01
p. HP Survay X 0 2{Radition Protection 2 43| 1003} 04
o) 1{Prime Mover Operator]  15] 05| 04] 23
X 1|{Crane Operatot 20{ 05] 06 23
70! Radliation Protection 2 43] 802! 23
q. Install Cask Restrints X 3] 2{Operaton 2 43 103 47
o) Prime Mover Operator], 15] 05 06 23
o) Crane Opeator 2 05| 045 23]
0 1{Rodiation Protection 10 87{ 102] 23
r. Instal impoct Umiters 110 D :lgpmm 2] &7 73
0 Prime Mover Operator] 15| 05| 09] 37
0 Crane Operator 2| 05 o9 37
10 Rodiation Protection 10| 87{ 10| 37
s. Instal Pesonne! Bomer 35{ 3!  2(Operaiors 2| & s02] 23
35) Prime Mover Operatart 15| 0.5 031 2
35 Crane Operator 20 05 03] 12
» Rodiation Protection 0 871 511 12
[s1. Open Receiving ond Shipping Bay Door, simuttaneous 0 Opergtor 0 00l 00|
t. Hitch Stte Prime Nover 10 10 Prime MoverOperatod  15( 05{ 0.1] 0.0
1. Prepare Shipping Papenwork. simultaneous 2 0; Operator | © 0| 00| 00
u. Move Cask 1o Pictected Area Gate 0] 10| 1lPemeMoverOperato] 15| 05| 01| 0D
v. Unhitch Site Prims Mover 5] [ 1{Prime MoverOperatort  15] 05| 00 0D,
i Hiich Oft-Site PM 5 5 2{Operaiorn 10! 87] 145
5] 1{Prime Mover Operatod 15| 05| 004
Tokal 770 1.730] 736.2| 46.6
10. Receive Empty MPC (see slep 2) 280 Of mmﬂbodcgou_?ddo;a 00| 47
11. Receive Unioaded Transporiation- of assume null background doss
Storage-overpock (sde gdep ) -400 s} { 00| 84
12. Lood MPC Inlo Overpack (s0e step 13) 180 O] assume nul bockground doss 00| L9
]
13. Prep Emply MPC/Unloaded-Transporiation- o ] )
MPC /Storoge-ovarpock for SNF tronsfer Cell assume crane enciosure background
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Table A1-8. MRS-MPC (continued)

q. instcl Plationn 0 10 {Ovorator [ g‘ 09
b. Engage Crana to MPC Lift Aftochment 0] 10 Operator 2 0 00
10 Aogmon 0 0 00
10 1|Crane Operator 20 0l 0D
©. Move MPC Over Storage Cask 10, 10 2|Operators 0 of ool 01
10 Crone Oparator 20 of 00{ 00
d. Vertly Vertioa Algnment of MPC to Storoge Cask 10 10 Operatof 2 o_00| 0D
0] __1]Ragmen 0 05|00
10 1{Crane Operator 2 00| 0D
t. Lower MPC into Storage Cask 0 20 1{Operator 2 00| O
0 10 q 00| O
0 Crane Operator 2 o 00| O
|_g- Disengage MPC Lifting Attachment 10 D Operator 2 0] 00| OO
10 Ragman 0 0| 0Dl OO
10| Crane Operator 20 0 00] 00
h. install o Spoacer 10 10 2|Operators 2 0 00} 01
10 Crane Operator 20 0f 00} 0O
i, Ploce MPC Shield Plug 01 0 2{Operators 2 0o 0D} 03
30! 1{Rogmon 10 0 00] 01
0| VICrane Operaior 20 of 00} el
i Attoch interface Rdure 10| 10 2|Operators 2 of 00| 01
k. Remove Piattorm 10| 10 1jOperator 6 0 00| 00
1. Move Storage Cask Undat Cell Port 0 0 O|Remcte 0 0f 00| 0O
m. Mcate Storage Cask to Coft Port N X 0|Remote [1) ol 00! 00
. Remnove Port Pugand MPCShisid Plug 15| 15| 2|Operators 2 0 00f O
15 1{Rogman 10 of 00 O
15 1{Crane Operator 20 of 00| C
Tokal 218| 445 00| 1.9
14. Lood SNF info MPC/Tignsposication- of
| MPC/Storage-overpack of Emplacement assurme nul doso
a. lnstal 20 0 OjRemote 0 Of 00f O
b. Get Bare SNF 10 0 OjRemote 0 0 00| 09
c. Get and Inspect One Bare SNF assermbly 10| Y OjRemote 0 0l 0D| 0O
d. Emploce Bore SNF assermbly ¥ necessary 10, 0 0]Rermote 0 0 00| 00
o. Put Bare SNF I Can 2 0 0]Rermote ) 0] 00| 00
1. instoll Can LUid ) 0 0|Remote [l 0] 00] 09
Toal 100 0 | 0.0] 0.0
1S. Prep MPC/Stotage-overpock from SNF
wranster cofl Yo storage assume crane enclosure bockground cose
0. From Cal, iInstal MPC Inner Shioid Plug&id 25 0] O|Remote 0 00} 00
b. Replace Port Pug 10 0| O[Remote 0 0 00 0O
<. Unmate Storoge Cask from Port 10! 0 OjRemote 0 0| oo} OO
d. Open Transter Station Doot 0 1j{Operator 8] 0l  00] 0D
. Move Cask into Storoge Cask rep Room 30 30! LCpenaiorn 10/ 87] 44 01
1. HP Survey o X 2| Rodiation Protection 2 % S0 03
g. Remove Lid Handing Device 251 20 2|Operators 21 20| 1462 %
10 1{Ragman 100 872 18
101 1|Crane Operator 20| 05 0)] 00
‘ 1. Close Transfer Station Door, sirmalt wih g, [ 1{Operator 0 0 00| 09
h. Remote Wekd &) & Welder 2! 220 1650 02
i. Weld MPC Inner Ud 1.500! 0 O|Remote o 0O ool 0
1. Vexity Weld &0\ 20 QA Welder 2i 22} 1100} O.
& Rermove Remote Wekding Equipment 20{ 20 eider 2 220 7331 O
1 Connect Evacuation/inetting Equipment 0] 10 Operator 2l 220] 387| 0O
m. Evacuate and Ineit MPC 5| 10 Opergtor 2 37| 62| 0N
45 1]Operator 10 87 651 02
. Dsconnect Evacuation/tnerting Equipment $ S 1|Opeorator 2i 20| 183 00
©. Pioce and Seal Weld Vaive Cover ® 0 1jWeider 2! 220{ 3300 04
p. Pioce MPC Outer Lid_ | 2 1|Operator 2 20| 1100] 0.
0 1{Rogman 0; 87] 44! 01
2 1{Crane Operator 2| 05 03f 01
. Setup Remote W Equipment 4] 45 1|Weider 2] 971 728] 02
1. Weld MPC Outer Lid 400! 0 O|Remote 0 0| 00| 0D
s. Verfy MPC Outer Lid Wekl o 0 1]QA Wekier Z 97| 485| Ol
1. Remove Remote Welding Equiprment 20 2 1{Welder . 2, 971 323( 01
. Instali Storage Coask Lid 180 120 1]Operator 2! §711940| OS5
20 1jRagman 0] 87/ 29! 01
20 1{Crane Operator 20 05 02{ 01
v. HP Survey Cask &0 0| 2|Radiation Protection 2! 5| 590] 03
'w. Open Storoge Cax Prep Room_Door §| ) 1|Operator 0i of 00! 00
x. Move Cask to Storope Cask Stoging ATo0 X0 0 1{Operator O 87 44] 01
0 ) {Transporter Operator 150 0S| 03} 01
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Table A1-8. MRS-MPC (continued)

y. Close Storage Cask Prep Room Door

5 0 Operator 0 [/ )
2. Unsecure Cask from Carrier 0 10, 2|Operators 2 50| 197
aa. Engoge Storage Cask with Transporter 0| 0 2{Operators 4 % %0
X TransporterOperator | 15[  0S5] 02
bb. Secure Cask 10 Transported 2| X 2]|Operators 2 9 W
cc. Move Cask fo Storage Yord & X 2|Operators 10/ 87 87
(assume null bockgrund dose while moving) & 1{TransporterOperator | 15! 05 05
X 1{Radiation Profection 10 87| 44; 00
dd. Unsecure Cask from Transporter 20 10| _2|Operators 2 % 197 07
[tessume 5751 bockground dose) 20| __ 1[Tronsporter Operator | 15| 05| 02| 0J]
10 1jRadigtion Protection 0/ 87{ 15 03
| ee. Ploce Storoge Cask on Pod & X 2|Operctors 2| | 850
&0 T orOporator | 18] 0S| 05|
0 Radiation Protection 10 87] 44|
1. Retum Uniooded Transport fo Transfer Facity S0l 25| 2} Operators 10 0] 00/ OO
(ossume nul bockgiound dose) 2 1{Transporter Opesator | 15 0 00 ool
25 1{Radiction Protection 10 O} 00| 00
Tolol 3.255] 1,238 1,208] 1N
16._Prep MPC/Transportalion-overpock from
SNE tronster Cell bor Shipping jassume crane enciosure background dose
a. From Cell, instal MPC Shield Plug 25 O|Remote 0 of 00
- [ b. Replace Port Prsg 10 0o O|Remoile 0 of oo
. Unmate Tionspextation-cvarpack fromn Port 10 o olremole 0 o] oo
d. Open Transter Station Doot 5| 0 1|Operator 0 0 00
e. Move Cosk into Storage Cask Prep Room 0 0 1|Cperator 0] 87f 44
f. HP Survey &} 0 2{Radiation Protection 2 CIEED
| g Remove Uid Handing Device 25! 2 2Operators 2| 220 1467
10 1{Ragman 0] 82] 15
10 1{Crone Operator 2| 0S| 01
- 1. Close Transtur Station Door. simuioneously Ll Operator [1] 0 00
| h. Setup Remote Wekding Equipment A Welder 2| 220] 1650
i. Woki MPC Inner Lid 1500 0] OiRemole 0 of 00
j. Verlly Weld &0} X 1{QA Walder 2] 2201 1100
k Remove Remcths Welding Equipment 0 2 Weldet 2{ 20| 7133
L Connect Evocurtion/inering Equipment 0} 10, Operator 2! 20| 37
m. Evacuate and ineit MPC a5 10 Operator 2] 37| 62
45 Operatol 10f 87] 65
[ n. Dconned! Evocuation/inerting Equipment S| 8 1|Operator 2] 20| 183
0. Piace and Seal Weld Volve Cover 90| | 1|Weldet 2| 220] 3300
p. Ploce MPC Outer Lid | X0 1{Operator 2] 220) 1100
0 1|Rogman 10] 82| 44
k] 1|Crane Operatot 21 0S| 0
q. Setup Remote Wekding Equipment 45] & 1 {Weldet 2 o 728
1. Wekd MPC. Outer Ud 600! 0 O{Remoie 0 0] 00
3. Vertty MPC Outex Ud Weld &0 2 1{QA Welder y 97| 485
1. Rermove Remote Welding Equipment 2 20 1{Weldet y 971 323
u. instal Tronsportation Cosk Ud X 0, 1{Operator 4 97| 485
20 1jRagman 10 87] 29
-4 1{Crane Operator 20| 05 02
v. HP Survey Cask | 30|  2[Rodiition Protection 2 & 590
| w. Open Tronsportiation Conk Prep Room Door 5 [} Operator 0 of 00
x. Move Cask 1o Transporiation Cask Stoging Area 0| 0| Operatot 10| 87{ 44
0] Tronsportec Operator | 15  05{ 03
. Close T otion Casi Prep Room Door 0]  )Operator ) 0 00
2. Unsecure Cask from Carrier 10 10| 2|0perctors 2 $H 192
21. Engage Crane with Yoks to Tronsport Cask, simutioneous 10 1|Operator 2] 17 28
10| Rogmon 10 87 15
10, Crane Opetator 2! 05| 0}
oa. Move Transport Cask to Washdown 10 10 2|Operctors 0| 87] 29
10 Crane Opexator 2; 0S| 01
bb._instal Piaifomn 10, 10| Opetator 6 87 15
cc. Decontamincke Cosk (f needed) 190{ 10 Operator 6 871 15
dd. HP Survey a0 2] 2/Raodiction Protection 2] & n7
00. Rermove Piattom 5| Opergtor -6 87 07
96 1. Open MPC Transportation Cask Prep Room Door. simuttancous o 1{Operator [1) 0 0D
. Move Transport fo Receiving and Shipping 10, 10 2{Operator 2] 87{ 29
10 1|Crane Operator 2! 05 0l
1. Close MPC Tronsportation Cask Prep Room Door., simutaneous 0 1{Opernator 0i 0| 0D
gg. Lift Cask onto Rol Car 35 35| 2|Opercion 10 18] 21
35 1|Crone.Operator 20 05 03
hh. Csengoge Yoke 10 S 1|Operator 2! 17 14
104 1{Ragman 10t 8721 15
10 1|Crane Operatot 2! 05 0.1
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Table A1-8. MRS-MPC (continued)

i instal Trunnion Blocis .o ) 2|Operators ] 02
_ 20] __ 1jCrone Operator 05! [}
~Perform Shipping HP Survey Cask(s: periphery) o N 2|Operators 8.7 47|
LY Prime Mover Operator] 05 23
X 1{Crane Operator 0S5 23!
0 1|Radiation Profection L 23
k. Decontamingte Cask & 10 2|Operators L 07|
(tneoded) 1|Prime Mover Operat: 05 0.3}
}{Crone Operator 05 03]
1/Radiation Provection 87 03]
L instal Cosk Restraints 70 2[Operators 43 47|
. Prime Mover Operator 0. 23
Crane Operator as 23
1{Radiation Protection 87 23]
mm. Instol impact Limiten 110 2{Operators 43
Prime Mcver Oparator] 0.5
Crane Operator 05
Radiation Protection 87
nn. Install Personnel Bariet 3 3 2|Operctors F<)
35 1|Prime Mover Operator] 05
35 Crane Operatol 05
35 Radiation Protection 87
-|nnl. and Shij Doof, Smulkonecus 0 Opertatol &}
nn2. Hitch Site Prirme Mover 10 10 Prime Mover Opergtof 05
ﬂﬂw Papers 2 0 Operatof 0
00. Move Cask fo Protected Area Gate 10 0 2|Operators 8.7
(mmwmmmmmmmm) 0 Prime Mover Opergator] 00|
(assume null background while roving) 0 1|Crane Operator 00]
[ 10 1{Rodiction Protection 0o
. Periorm Securty check 5 5 2|Securtty Otficer 00
pp1. Unhitch On-Stte Prime Mover 5 5 2iOpertors 00]
5 1|Prime Mover Operator] 0.0;
qq.Mckomwﬁho?Mcmkcasperﬂoh(cssumScas) & & 2{operctor-rail
. Hitch Off-Stte Prime Movet §| 5 2|Operaton 0.0
5| 1|Prime Mover Operatol] 00
Total 3,580 S| 3
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Table A1-9 through Al-12. Mined Geologic Disposal System MGDS)

Due to lack of design detail at the MGDS, projected personnel exposures are interpolated from PN
the MRS data. The majority of the difference in exposures is related to the different modal mix )
of rail and trucks expected at the MRS versus the MGDS. In addition, at the MGDS specialized
activities such as the handling of HLW will take place, and the impacts are roughly estimated.
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Table A1-9. MGDS-Reference

Taic: Doses per Cask Handling for $9Se of the MGDS Teackground
Revisod 20 May S4/HWG [~
i oreqa_idose
Unload Rai Cask (obtain from MRS~RD/SPS) ] crane
; gecoq] 1
Direct {Bipd [Sum F_;ga j
Lood Emplocement Cosk (POrSOO-TIONS) ISP
Stops - (1.2 1080. 8640] 1036
i null
2
g
o & 3 &
£ : E $
] s
g b s § E ©
3 2 35 3 g
246 YRR
3]
Cask Handiing Operctions :°: o § 8 20 8 §
1._Receive and Prep Emply
S 3 lacanant of
Transportation Cazk for Looding assume null baciground dose. inBaly
Q. Bills of Loding. Other 10f 10 110 0 [} 000] 00
b. Pull Cosk into Securlly Area S| 5 IIPl'thoverOpemta 15 [, 000] £
. Security inspection : 0 0 2{Securily Otficers 2 0] 0001 0D
d. Pertorm HP Survey of Cask Exdemals and Traier 0 X0 2]|Radliation Protection 2 [v; 000! Q0]
o. Toke Cask to Protected Area 10 10 Primo Mover Operatol 15 0 000 00
t. Unhitch Off-Site Prime Mover S 3 1{Primo Mover Operatol 15 O 0.00] 00
©. Hich Skte Prime Mover 5 3 1{Prime Mover Operaioy 15 [ 000] 00
h. Take Cask 1o Receiving and Shipping 8ay Doot 10: 10 1{Prime Movet Operatol 15 O 000} 00
hl. Open Receiving ond Shipping Bay Door, 000 00|
siruttaneously with step hu 1{Operator 0 0 000{ 00
i Joke Cask into Receiving and Shipping Bay 5 5 1|Prime Mover Operatol 15 0 000{ 00
1{Ragman 10 [+ 000] 0.0
j. Unhiich Stte Prime Mover S S 1{Prime Mover Operato{ 15 [« Q| 00
J1. Ciose Receiving and Shipping Bay Door, 000 00
simuttaneously with j. ! 1{Operator 0 0 000 0D
n. Rermove Tiedowns K- 2|Operators 3 0 000! 00
©. Rernove Trunnion Blocis 10 10 2{Opetators 3 O 000t 00
1{Crane Operator 21 [ 000 OO
ot. Open SNF Cask Prap Room Door, i 000 00
semuftaneously with 0. 10 11Operator 0! 0 0.00| 00
£ Attach Crane 10 Yoke S 5 1|Operator 2 0 000 00
1|Rognnan 0__ 0 000| 00
! Crone Operator 2 0 000] 0O
q. Engage Yoke to Cask s 5 Operator 2 0 000| 00
Rogman 10: 0 000 00
. 1}Crane Operator 2 __0 000
1. Move Cask into SNF Cask Prep Room i 000
WOshTOOoWn Afed (assume c1ane enciosure background dos; 0 D 2|Operators 10} [0 0.00]
X: WD 1|Crane Operator 20! 0 000} 0.13
3. Instof Piattomn 10 10 1{Operator 6 0] 000004
1. Washdown Cask 0. N 2[(Operator 2! 0 0,00 025
u. HP Survey a3 2|Rodiation Protection 2 0 0001 029
v. Rermove Piattorm 10 10 Operator é 0 0.00} 004}
w. Move Cask to Carmier 10: 10 2|Operators 10 0] 000[008|
{ 10 Crone Operator 20 0 000} 0.04
x. Ploce Cask on Carmier 20 2 2{Operators 10 0 0.00} 0.17,
[ -!) Crane Operator 2 [*) 0.00j 008
y. Securo Cask to Carrier X 20 2|Operator 2: 3] 000} 0.17
2 20 1|{Crane Operator 2 0 0.00} 0.08
y1__Close SNF Cask Prep Room Door ! 0.00{ 0.00
simuitcnecsly withy ; 1|Oporator 0 [© 0.00] 0.9,
z install Shisid Piatform 0 X0 t{Operator 6 0 000] 0.13
oa Looson Cask Lid Bolts 0 90 2iOperators 2 0 000! 0.75
bo Instek Lid Honding Device 2% 5 2|Operators 2 0 000} 021
cc Attoch Interface Fixhwre X X 2|Operators 2. 2] 000} 025,
dd. Remove Patfomm 1010 1{Operator [ 0 0.00{ 0.04
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Table A1-9. MGDS-Reference (continued)
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ea. Operctors Clecx Prop Roomn £ 5| 0|Operators 0 0o 000} 0.00]
1. Move Cask Under Cel Port S 8 OlRemote 0 0 0.00! 0.00
. Mate Cosk to Port » X OlRemote 0 0.00{ 0.00]
hh. Open Port ond Remove Cask Lid 0, 2 O{Remote 0 [ 0.00{ 000
Total 455! 695 0.00] 3
Wmﬂhaﬁuc‘h!mﬂ assume crane enciosure background dase
a. From Cell, Instal Shield Piug. 2, 0 OlRemote o 0] 000|000
b. Repikace Port Pug 00 0|Remote 0 0 0.00{ 0.00;
<. Unmate Emplocement Cask from Port W0 0| O|Remote 0 [y 0.00] 0.00
d. Open Transter Station Door 5 8§ 1Operator [ 0.00] 002}
@. Move Cazk into Storoge Cask Prep Room » 0 Operatot 0] N $.50] 0,13}
£. HP Survey 0 X 2|Radiation Protection 21 S| 0] Oaiil
. Remove inner Ud Handiing Device -1 2{Operatons 21 20| 14647(0.17
10| 1jRogmon 0] 1| 183004)
10/ 11Crane Operator 20! 05 0.08] 0.04
[~18 Ciose Transtor Station Door simultaneous 0 1|{Operator 0 [+ 0.00{ 0.00
h. Setup Remote Welding Equpment s &S 1|Weidet 2| 220 16500] 0.191
{ L Weld St Casls Outer Lid &0 Cl 0lRemote 0 O 0.00] 0,00
. Vedty Storage Casks Outer Lici Weld & | 1| QA Welder 2l  o70 48501013
X Remove Remote Weiding Equipment 2! D 1 {Welder 2 71 233008
L Connect Evacugtion/inerting Equipment 0! 10 1|Operatot 2 J_L 16,17} 004
m Evacuate ond Inert Cask &S 0 Operator 2 37 6171004
| & Operator 10| 85 438|0.19
. Deconnect Evacudation/inerting Equipment 5 __ 5 Operator 2l o7 808| 002
o. Ploce and Seal Wekd Vaive Cover 0 90| Wolkder 2 7] 145.50]| 038
p. Place Empiacement Outer Lid N D Al*_gparatot 2 ¢7] 4850|0.13
0 1{Ragman 10 85| 4251013
] 1{Crane Opeator 20| 05 025/0.13
q. Setup Remote Weiding Equipment &Sl &S 1{Welder 21 971 7275]|0.19
r.Weld E Casks Qutof Lict &0 0] Remote 0 0 000|000
|'s. vedty Emplacement Casis Outer Uid Weld & 20 1/QA Welder 2l & as.sog:q
1. Rernove Remote Welding Equipment 2 2 1{Weider 20 971 3233008
u. HP Survey Cask &1 0 2|Radiation Protection 2 S|  59.00] 025
v. Open Storoge Cask Prep Reom Door 5 0O Operator 0 0 0.00} 0.00
w. Move Empiacement Cask LUinderground » X Opercto 10| 85 425 013
2 \[Transporfer Operator | 15| 05| __025]0. 3
x. Close Storage Cask Prep Room Door S 0) 1{Operator 0 0 0.00| 000
y. Unsecure Cask from Conter W 0] . 2]Operator 2] | 1957{008
| 2 Engoge Storoge Cask with Transporter & 2 2|Operatofs 2| 5| 5000} 025
& D 1[Transportet Operator |15 05 025 0.13
oa. Secure Cask to Trnsportar - 20 2|Operaton 2l S %3017
Totol 045| 725 1030] 4
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Table A1-10. MGDS-TSC

rwmmrmumumdmm | T Ra¥ meanmvhr Background
Revised 3 une I9HWG Direct |Blgd {Sum Ui doses remyhy
Unioad TSC (person-frvem) Jinnet F7lora idose
Steps - (1) 8ad]  5.10] _e%jouter &lcrand 0295
Tp/Tx cask id &0Jdex 1]
Load Emplacement b described in the MGDS-RD/SPS spreadshwet  |Lateral Skin Hpool 3]
=]
il
e
2
8 E
[~
! IFE
- & 3 5 &
& 3 ¥ E| &
~ o k-3 .§
HEER 5 3
= 5 5 = -]
¢ E =l O [4 ,g
3 8 gl 5| & 8
{Cask Hondling Operdtions 5 & & 8l 2| & 8 8
e
1. Receive and Prep Loaded I5C
for Unloockng assume null background dose, inttally
a. inspect Blis ot Lading, Othet Shipping Papers 10 0 1{Operator 0 0 000] 0.0
b. Pu Cask into Securlty Ared 5 1|Prime Mover Operato{ 15| 05 004; 0.00
¢. Securlty inspection 0 20 2|Security Officers 2 17 11.33] 000
d. Perform HP Survey of Cask Extemas and Trolq 30 10 2|Radigtion Protection 2 43| 1433! 000
o. Take Cask to Protected Areq 10 0 1|Prime Mover Operatol 151 05 008] 0.00
£. Unhitch Oft-Site Prime Mover 10 0! 1{Prime Mover Operato{ 15] 05 008} 0.00
g. Hitch Site Prime Mover 10 10 1|Prime Mover Operatol  15{ 05 008] 000}
h. Toke Cask to Receiving and Shipping Bay Do 10 10| 1{Prime Mover Operatol 15| 05 008] 0.004
h1. Open Receiving and Shipping Bay Door, 000! 000
simadtaneously with step h. 0 HOperator 0 0 0.00{ 0.004
i Take Cask into Receiing and Shipping Bay Si S 1{Prime Mover Operatol 15| 05 004 0.00
5 1{Ragman 10f 87 0.73] 0.0
1. Unhiich Stte Prime Mover 10 10 1}Prime Mover Operato{ 15{ 05 008] 0.00
J1. Ciose Recelving and Shipping Bay Doox. 000{ 0.00,
simuttaneously with | 0 H{Operator 0f [ 0.00{ 0004
k. Remove Personnet Bamie 25 25 2|Operators 3 R 26671 021
(assume Crane enclosure bocipround dose) 25 1|Crane Operator 2{ 05 021} 01
1. HP Survey 5 10 2{Radiation Protection 2] & 1433 003
m. Remove impoct Umiten &0 £0/ 2|Operators 3 X $400] 0.50;
@[ 1|Crane Opergtor 2 05 050 o%
n. Ramove Tiedowns 10 10 2|Operators 3 R 1057| 0.08
0. Remove Trunnion Blocks 10 10 2{Operators 3 R[  10467] 008
0 1{Crane Operator 20! 05 008] 004
ol. Open SNF Transport Cask Prep Room Door, 000! 0.004
smuttaneously with ©. 0 Operator [0) 0 0.00] O.
p. Attach Crane to Yoke S| 5 Operator 2 0 000] 002
. S Rogmon 10| [ 000{ 002
[ Crane Operctor 20 [ 000] o2
a. Engoge Yoke to Cask 5 5| 1|Operator 2l w12 om
§| 1{Rogman 10| 87 073 0.2
§ 1]Crane Operator 2| 05 004{ 002
1. Move Cask Into SNF Transport Cask Prep Room 000 0.004
Washgdown AreQ 0 20 2|Operators 10! 18 180| 025
X0 0 1{Crane Operator 2| 05 025] 0.13]
s. instal Piattom 10 ) 1{Operator & 87 145| 003
t. Washdown Cask 0] 25 2|{Opetator 2 v 4a7] 021}
u. HP Survey 35 15 2|Radiation Protection 2] &3] 2150] 0.3}
v. Remove Piatfom 10 10 1|Operator & 87 145| 004
w. Move Transport Cask o Comier 10 10 2{Operdators 10 18 040| 008
10! 1{Crane Operator 2| 05 008| 004
x. Pioce Transport Cosk on Carmier 20 20 2{Opeictors 10| 87 580| 0.17
9] 1{Crane Operator 20 05 0.17]1 008
y. Secure Cask to Camer 20 2 2|Operator 2 & 2847] 017
20 20 1{Crone Operator 200 05 017! 008
yl.CbseSNFTrcmDOﬂCoskPrepRoomDooﬂ ! 000! DD,
smultaneously with y 0 1{Operator 0 0 000! 000
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Table A1-10. MGDS-TSC (continued)

7. install Shiedd Piattoirn 0 0| Qperator 6 827 435
aqa. Attach Gas Sarmping/Venting Rig 10 0} Opeiator 2 & 1000
bb. Sample Gas Cavlty 10 3 Operatar 3 S 442
cc. Vent Cask Covlly 10 S Operator 3 & AL
0. Remove Samplng/Venting Rig 10 % Operator 2] _&| 1000
“eo._Instal Catk Lid Lifting Device 2 20! _2[Operaton 2] ¢| 2000
0 18 0] 87| 145
10 1{Crane Operator 2| 0S5 008
. Loosen/Rernove Outer Cask Uid 90 45 2|Opeoraton 2| 97] 14550
20 1 10} 87 290
L . 2 1{Crane Operator 20! 05 0.17

[0 toosen inner T5C; Ud Bos % 80| _ 2[Opercton 2[_o7| 25847|
hh._Instol Lid Handing Device % > 2jOperatons 2| 97] 8083
L Attoch intertace xture X k) 2|Operaion 2l 971 9700
j. Rermove Piatform 10 0 Operator 6 87 1.45
ke Operators Clear Prep Room 5 [4) 0{Operators [« 0 0.00
1. Move Cask Under Cel Port 5 0O O|Remote [ 0 000
mm. Mate Cask to Port 0 O OlRemote Of [s) 0.00
nn. Open Port ond Remove inner Cask Lid 0 0 __ O[Remote of o 00
[Tatal : 390 885 | 894
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Table A1-11 MGDS-MPU

Total Doses per Caak Handling for MPU of the Ma0S | JBockground
Revised 3 June 94/HWG ‘ frremvhr
— Diract i’ﬁmd Sum ored :dose
Transter MPU info Emplacement {(potson-moe) crand 025
Steps -(123.40 1.616] 15.00] 1431 dect 1
——
ISP
nul O
i :
" :
§
3 é E E
R ERE
E § e § g [ g ®
(=) g 7 ,§
3 E oz 3 3 §
= - o Q. g
3 & B 593 2
Cask ; 5 8 & 2 8 8
1. Receive and Prep MPU/Transportation-
orsecpock for MPY fransfer assume nuk bockground dose, inttially
a nspect Biks of Lading, Other Shipping Popec. 10| 10 1jOperaior 0 0f 000} 000
b. Pul Caskinto Securlly Area 5| 5| 1{Prime Mover Operate{ 15| 05| 0.04{ 000
c. Securly inspaction D B F Officers 2i 171 14371 000}
d. Perforn HP Survay of Cask Exdemals and Tralor 40| 10 Radiation Protection Y 43| 1433 000
9. Unhitch Oit-Site Prime Mover 10j 10, Prime Mover Operatol 15] 05| 008] 0.00;
f. Hitch Stte Prime Mover 10| 10 Prime Mover Operatol  15{ 05| 008| 0.00;
g. Take Cask fo Recelving and Shipping Bay Door 10} 10| 1}Prime Mover Operate! 15 05{ 008 0.00]
gL Open Receiving and Shipping Bay Door. smulianecs. 0 1{Operatot 0 0| 000] 0.00]
h. Jake Cask into Receiving and Shipping Bay 5] 5 1{Prime Mover Operatol 15| 05{ 004 0.00]
5 1jRagman 10| 87/ 073/ 000
. Unhich Site Prime Mover 10] 10| 1{Prime Mover Operato] 151 05|  0.08] 0.00]
1. Ciose Receiving and Shipping Bay Door, simultaneous 0 1jOperator 0 0| 000 0.00]
. Reenove Personnet Barmier X} D 2{Operators 2] 32| 3200]| 025
(GssUmMe Crane enciosure backoround dose) 25 1iCrane Operator 20} 0S5 021 0.104
K HP Survey 45 20 2{Rodiation Protection 2| 43] 28671 0.17
1. Remove tmpoct Limiten 110 110 Qperators 3] 32 11733| 092
110 1{Crone Operotor 20! 05 092! 046
m__Remove Tiedowns 45 & 2{Operators 2| 32| 4500] 038
&5 1{Crone Operator 20| 05 038{ 0.9
n. Remcve Tunnion diocls 10 10 2|Operators 2| 32{ 1067] 008
10 1{Crone Opergtorns 20} 05] 008! 004
0. Attoch Crane to Yoke 5 5 1|Opeotatorns 2 G 000! 002
5 1jRogman 0 0] 000 CO2
3 1{Crane Operator 20{ 0] 000 o0
p.__Engoge Yoke to Cask 6 S Operators 2t 17| 142 oo
5 1[Rogman 0] 87] 073 o
5 Crone Operator 20| 05/ 004 002
q. _Open Prep Room Doot S 0 Operator of 0] 000 000
1.  Move Cask nto Cask Prep Room Washdown Area 101 10 2|Opeoratorn 10| V8] 040 04_3}
10 1|Crone Opecator 20| 05 008] 004
s. install Piotforn 10| 10| 1|Operator 6] 87{ 145! 004]
1. Ciose SNF Cask Prep Room Door, sirnuttaneously 0| }[Operator ol of 000 000
u.  Washdown Cask 5| 4 2|Operators 2] 17| 2550 038}
v, HP Survey &) 25 1 {Radigtion Protection g L] 1792] 0.0
w. Remove Piatform 0] 10 1{Operator & 8.7] 145] 004}
x.__Move Transport Cask to Carier 10 10 2|Operctors 10] 18] 050] 008}
10[ ___1{Crone Operator 20| 0S| 008 o.n%
Y. Piooe Tronspor! Cosk on Carer 2] 20| 2(Opercton 0] _&7] _ S#0| o1
2] __ 1[Crane Operator 2| 05| 0.17] 008
1z._Secure Cask to Carrier 20| 2 2/Operators 2] 17[ n3s] 017
7t . Dsengage Crane with Yoke from Cosk. simultaneous 10 1|Oporator 2f 17; 283] 004
10 1|Rogman 10| 87 145 0.04]
10 1|Crane Opergtor 20f 05| 008} 004
oa. Open MPU Transfer Reom Door 5| 0| 1|Operator ) 0] 000! 000
bb. Move Cask Camer into Transter Room 45| 45 1|Operator 0] 87( 653] 0.1¢9
bbi, CloseTranster Room Door 0| 1|Operator 0 0l 000 000
cc. Attoch Vant g 10| 10 1|Operator 21 W NS 004
dd. Sompie Gaos Cavity 10| S¢ 1{Operator 3 S3| 442! 0
eo.. Vent Cask Cavity 20 _10; _)|Opetator 2| 3941 6571 004
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Table A1-11 MGDS-MPU (continued)

ool rutal Pigtform Extension 10 1|Operator 6 87| 1A5] 004
tt. Romove Vent 6] o] 1Operator 2] 7| 47| 004l _
- tnstall Cask Uid Ufting Device % 5 2|Operators 2] 70| s833] 021 :
10 1|Rogman 0] 87] 14s| on4]
10 Crane Operator _ 20| 0S| 008; 004
hh. LoosenVRemove Cask Lid 1] 40 2|Operatorn 2| 70| 9333] 033
20 Aogman 0] -87] 290] 008
2 1{Crane Operator 20{ 05| 017{ 008
i insial Contamingtion Control W 10 2|Operatons 20  43] 1433] 008
Iffngogo MPC Crone Lifting Atochment 1o MPU O 2|Oporators 2] 971 8083 021
2 Rogman 10| 87} 290| 008
2 1{Crane Opergtor | 2] 0s5{ 017 0.08)
ofal 931 1045 636 5.69
7. Receive and Preg: Storage-overpock
Emplacement-ovipack) for MPY Tronsier . assume crane anea background
. Open Cask Prep Roorn Doot W 5| 1]|Operator o] 0| 000| o02
b.mmagdvmtostggwk W 10 1|{Operator 2 0 000 004]
10 1{Rogmon 10 0] 000 004|
10 1|Crane Operator 20 0] 000 004
=. Move Cask 10 Empty Cask Staging Area 2 20 2|Opercton 10 0] o000| 0.17)
20 1|Crane Opexatot 20{ 0| 000 008
A el Ciose Cask Prop Doot, sinultanecusly with ¢. 20 1{Operator 0 0] 000 008
d. HP Sunvey a5 35 2|Radiation Protection y 0| 000! 0291
©. Decontaminate Cask & &0 2|Opercators 0] 000 050
1. Move Storage Ccrk to Carnmier 19 10 2|Operatorn 2 0] 000} 008
10 1{Crane Oporator 20 0] 000] 0.04]
"g. Ploce Ermpty Storoge Cask on Carier 35| ¥ 2|Operaion 10 0f 000
35 Crane Operator 20 o 000} 0.1
h. Secure Empty Storage Cask on Cormier N 2D 2|Operators 2 0! 00| 017
__h_LMCl_:maidYommgu_n@Caﬂcm 2 Operator 2| o 000] 008
2 1jRogrnan 10 0| 000 0.08
20 |Crone Operater | 20 0| o00| 008!
i Open Transter Room Door s s 1{Operator o o] o000 002
1. Move Empty Stonage Cask to Tronsfer Room @S] 45|  2|Operatons 20 o om| 038)
k install Piatform Exdension 0l 10 1|Operator [ o] 000l 004]
k1. Close Transter Room Door, simuttaneously 10 1{Operator 0 0] 000{ 004 P,
L Prep E_n:ngiomg;eCcskforOpenm i 201 2{Operaiors y 0] 0L 0.7 AT
m. Attach Lid Lifting Device Y 2 2iOporator 2 of 000 017
0 1{Rogmoan 10 0! 000] 008
1. 1{Crane Operator 2 Ci 000 oml
n. Remove Cask bzt 5| 85 2lOpearators 2 0] 000] 045
3 1|Ragmon 10 ol  0no| 023|
3 1{Crene Operator 0 0| 000|023
0. Rermove LUid Uifting Device 0 20 2|Opercton 2 0f 000l @17
0 1|Ragman 0| 0 _ooo} 008
0 1|Crane Operator p-4) 0{ 000 008
p. ictaf Contarmination Control 20 2D 2|Operctorn 2 0 000] 0.17
Total 3‘701 758 0.00] 4.65
5 Tronster WPU frotn Tronsporiafion overpack to Steeoge overock
(Emplocement-cverpock) assSUMe CIaNe enciosure back dose
a.maanaowuunmm 10 2jOperctois 2] PA]  657] 004
10 1 | 8J] 145 004
-0 1{Crane Operator 22| 05] 008{ 004
b. Verily Vertical Aignment ot MPC to Trarsport Caik 10 10 1|Operator 2| 97| 16.17] 004
. Clear Operctors to a Shielded Ared 10 O 0 0f O o] 000] 000
1. Ciose Transtor Room Doors 01 O|Remote 0 0| 000] 000
~d. Rase MPU trom Transportation Cask 0| 0 O|Remote 0 0] 0.00] 000
. Move MPU Over Storage Cask 0 0lRemote of O 000 000
t.VaﬂqutbdAWmofMPU?ostomgocw 10 D| 0|Remote 0 ol 000] 000]
9. Comoct Vertics Aignmont 20| 0|  OjRemote 0| o0 000j 00O
h. Lowet MPC into Storage Cask 0 O 0lRemote o O 000 000
hl. Open Tronstar Room Doots 0; OjRemocte 0| 0] 000} 000
L Rodiation and Contgrmination Suvey & &5 2|Radiction Protection 2] °| 8850| 038
7 Remove MPC Lift Attachment trom MU 0 20 2|Opercton 10{ 87] 580 017
15 1 0] 87{ 218| 0D
15! 1[Crane Opatator 2| 05] 0.13] 005
k. Dsengoge Crcme from MUC Ut Atochment 10 5 2{Operators 21 394| 657 004
10 1iRogman 10] 871 1.45] 004
10 1{Crone Operator 20| 05] 008} 004
Total 210] 158 129! 0.96
S_—
4. Prep MPU fEmpiocament-overpack from
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Table Al-11 MGDS-MPU (continued)

Transter Ce? for Emplacement | assurme crane enciocure backoround Gose
a. Remove Cortomination Control From Loaded Storoge d. 201 20 2|Operators 2| S| 33| 017
b. instail inner Emplocement Lid & X 2|Oparct 2| 971 ¢7.00{ 025
0| 10} 87{ 435 0.31
0 1{Crane Operator 2| 05 025 013
i 45 45 1{Weldet 2l o7] 7275 0.19
d. Weid MPU Inner Lidd 1500 0 OjRemote 1 0f 0.00] 000
H D QA Welder 2| 97 4850! 0.13
t. Remove Remote Welding Equipment 2! 2 Welder 2| 97| 3233] 008
g. Connect Evacuation/inerting Equibrment 10 0 1|Operator 2] 971 16.17] 004
h. Evocudte and Inert Emplacement 5 0 1|Oparator 2l 37] 417{ 004
85 Operator 10| 87| &53
E 5 5 Operator 2] o7 808
Prace and Sed Weld Vave Cover 0] S0 Welder 2| 97(14550
k. Place Emplacement Outer Lid 0| Operator 2| 97| 4850
0 1]Rogman 10] 87| 435
0 1{Crane Operator 20| 05| 025
L Sefup Remote Welding Equipment a5 45 1{Welder 2] 97| 7275
Empiacement Outer Lid &00 0 O|Rsmote 1) 0| 000
Errplacernent Quiet Lid Weld &) W 1{QA Welder 2| 7| 4850
0. Remove Remote Welding Equipment 2D 20 Welder 2] 971 3233
p. Remove Piatform Extension 5| 5 2{Operators 6 1N 1.83
pl.Open Empiocement Tronster Roorn Doox, sirutanoously’ 0 Operatot 0 0] 000
q. w»mmwmmcumm 10| 10| }|Operatot 10} 87| 145
1. Close Empiacement Transter Room Door 5| 0] 1jOperator [ O] 000
s. HP Survey Cosk &) D) Rodigtion 2| | 00
1. Unsecure Loaded Emplocement Cask from Comiet 2] 10! Operators 2| & 1967
. Engage Crane with Yoke 5 2|Operatorns 2] 394] 657
10 1|Rogman 0] 87] 145
10 1|Crane Operator 20| 05| 008
u.Opon&rpbooMCakPnpRomDoor 5 0 1|Operatot 0 0l 040
v. Move Looded Emplacement Cask fo Tronsporter Bay 10 10 2|Operatos 10| 87| 290
10| 1{Crane Opergtor 20] 0S| 008
w. Dsengogo Crane from Locded Emplacement Cask 0| 10 2{Oporators 2| 394] 13.13
10 Rogman 10] 87{ 145
10 Crone Operator 20| 05] 008
'wi. Cioss Empiocement Cask Prep Room, similtaneously’ 0| Operatot ol O 000
x. Engage Loaded Emplacement Cosk with Transporter & D 2{Opetators 2t | 50
. SocwwodedEnpbwmnfCo&toTra\spon«faMlon 20 Tronsporter Operator | 15| 05 025
2795 740 851
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Table A1-12 MGDS-MPC

WSS E ORI B PR L SN T Y | A

[Total Doses per Canic Handling for MPC ot the MGDS {Background
Revised 3 June S4MHWG mrermvhy
Diroc:t [Bkgd {Sum otec idcee
Transter MPC Info Emplocement (peron-merms) crar oa?sf
Steps -(1234 1416] 15.00] 14631 K %
R
4
nult o
2
a E
4
g 3 E E
§ _ § ‘§ i
i 5 2
113 R
3 3 ERE
“ | cosk Handing Oparations S 8 ol =
1. Recelve and Prep MPC/Transporiation-
for MIRC fronsier assume nul background dose, Nkt
a Jtnspect Bk of Lading. Other Shipping Poper 100 10 1{Operator 0f 0] 000 000
ib. Pul Cask into Security Arec § 5 1]Prime Mover Operatol 15[ 05 004! 000
c. Securtly imspettion O 25 2|Securtly Officen 2 171 1417 000
d. Perform HP Survey of Cask Extemals and Traler L 10 2]Radiation Pretection 2| 43| 1433] 000
@. Unhitch OffSte Prime Mover 0| 10 1]Prime Mover Oparatol 15| 05|  0.08( 000
t. __ Hitch Site Prime Mover 0} 10 1{Prime Mover Operatol 15| 05| 008] 0.00
g _Take Coskto and Doot 0] 10 1|Prime Mover Operatol 15] 05| 008! 0.00
ol Open Recelving and Shipping Bay DooX. SIUtGNEOKs. 0 1jOperator of 0 000 000
h. _Take Cosk into ReceMng and Shipping Bay S Prime Mover Operatol 15| 05} 004! 0.00
5| Rogman 10] 87] 073 000
i Unhlich Stte Prime Mover 10, 10 Prime Mover Operatol 15| 05! 008 Og
1. Close Receiving and Shipping Boy Door, simuttaneous 0] Operator of 0f 000 000
j. Remove Personne! Barrier [ 20 2|Operaton 2] 3| 3200 025
(ossume crane enclosure background dose) 1.2 Crane Operator 20| 05] 021] 0.10]
k. HP Survey &8 2|Rodhation Protection 2| 43| 2847].017
L Remove impa:t Limiten 110} 110 2{Operators 3| 3 11733 092
10 1|Crane Opetator 2] 05| 092 045
m __Remove Tiedowns &8 &5 2|Operatons 2| 32| 4300] 038
45 1|Crane Operator 20] 05] 038{ 0.9
n. Remove Trunhioh Blocks 10f 10 2{Operatarn 2| 32 1067| 008
10 1[Crane Operaton 20! 05| 008 004
©. Attach Crone 0 Yoke § 5 1|Operators 2] 0 000 02
S 1 10 0 oM om
5| 1|Crane Operator 2 0 000
p. _Engage Yoka 1o Cask [ 1]Operators 2 7]
5 1{Rogman 10| 87| 0X%
5 1{Crane Operator 220{ 05 Ond
q. _ Open Prep Ruom Doot 0 1|Operator 0 0] 000
1. Move Cask inho Cask Prep Roorn Washdown Area 10 0 2|Operatons 0] 18] 040
0| 1jCrone Operator 20| 0S| 008
s.  Instofl Piatfoan 10/ 0 1|{Operator 6l 87| 145
1. Close SNF Cask Prep Room Door, simultanecusly 0 1{Operator [ 0o 000
u.  Washdown Cask -85 45 2|Operatots 2| 17| 2550
v. HP Survey &S| 25 1{Rodiation Protection 2l & 7N
w. Remowve Pictfomm 10l 10 1{Operaior 6 87] 145
x.__ Move Trorsport Caosk to Comer 10| 10 2{Operatorn 10| 8] 040
10| 1|Crane Operator 20| 05[ 008
Pioce Transpodt Cask on Comer 20 20 2|Operators 10{ 87] 580
2 1{Crane Opergtor 20 05| ©.17
,&Socun(:aﬂﬂotaﬁu 20 2i0perators 2| 171 1133} 017
7. Disengage Crane with Yoke from Cask. simulioneous 10 1|Operator 2] V7] 283] 004
10| 1{Rogmon 10 871 145 004
10 1{Crane Operator 2 05| 008] 004
o0a. Open MPC Trcnster Roormn Door 0 1{Operator 0 0l 000; 000
bb. Move Cask Camer into MPC Transter Room 45 1|Operaiot 10| 87 653 019
bt Cioze MPC Tronster Room Door 0 1jOpetator 0 0l 000! 000
cc. Attoch Vent Rig 10| 1{Opergtor 21 M 47 0
dd Sampie Gaos Cavity 5 1|{Opetator 3] = 44| 02
©0.. Vont Cask Covity 10 1{Opergtot 2| 394] 657; 04




Table A1-12 MGDS-MPC (continued)

ool instci Plottorm Extension 0 Opergtor & 87|  145] oodl
{f. Rernove Vent Rig 0] 10 Operator 2l 7 11.47) 004
0g. install Cosk Uid Uiffing Device 2 25 2|Operators _2| 7| 5833 02
10 Rogman 10] 871 145 004}
10 Crone Operalor 200 05| 008! 004|
hh. Loosen/Remove Cask Lid 10| 2|Operatons 2 0] 9333 0.33!
p-s] JRogmon 0f 871 290| 008
20 Crane Operatot 20] 05] 017} 008}
i._instal Contamingtion Control 10f 10 2|Operaton 20 431 1433] 008|
i._Engoge MPC Crare Litting Attachment fo MPC O 2B 2|Operators 2{ 971 8083[ 021)
p-s) [Fogman 0] 87 290 oos|
2 Crane Operator 20{ 05/ 0.17] 008
Totat 931§ 1045 636] 5.69
2 _Receive ond Prep Storage-oveispack
| (Emplacement-overpack) for MPC Transier assume crane areq background
a. Open Cask Prep Room Door 5 Operator 0 0| 0.00] 002
b. Engage Crane and Yoke to Storage Cak 10 10 Operator 2 0| 0.00{ 004
10 Ragman 0] 0] 000] on4]
T0; __1|Crane Operator 2] 0] 000} op4)
. Move Cask 1o Emply Cask Stoging Area 20| 20| 2|Operators 0] 0] 000 6_.T?j
20! Crone Opevator 0 o] 0.00{ 008|
1. Ciose Cask Prep Door. simultanecusly with €. 20 Cperator o] of 000! 008
d. HP Survey B I 2|Rodiction Protection | 21 0] 0.00] 029
e. Decontaminate Cask & &0 2|Operatorns 2 0 000
t, Move Storoge Cask 1o Carriet 0| 0 2|Operators 2 0] 000] 008
0 Crane Opergtor 20 0] 000! 004
‘ g. Ploce Empty Storage Cask on Carrier 35 35 2{Opergatorn 10 0f 000! 029
35 1iCrane Operator 20{ 0 000} 015
h. Secute Empty Storage Cask on Cormet 20 0| 2|Operators 2l o 000} 017
hi. Disengage Crane ond Yoke from Storoge Cask. Smulianeouy sl Operator 2 O 000} 008|
X |Ragmon 0] o o] 008
2| 1|Crone Operutor 20| 0 o000| 008}
i. Open MPC Transfer Room Doof S 3 1{Operator o] o0 o000} om|
i Move Empty Storoge Cask to MPC Transter Room 4| &5 2|Operaton 20| of oo} 038}
k. install Piottorm Bdension 10 10 1Operator 6 o] 000} 004]
k1. Ciose MPC Transter Room Door, simutianaously with k. 10| 1{Operator 0 0} 000 00:4‘
1. Prep Empty Storoge Cask for Opening 20 2 2|Operaicrs 2 0l 000 0.17
m. Aftach Lid Lifting Device 20| 20{ 2|Operator p 0| 000 017}
0 1lRogman | o oo oosl
2 1|Crone Operator 20 of o000} 008|
n. Remove Cask Ud 5| |  2|/Operator 2| o o000l 048}
3 {Rogman 0] of o0o] 023}
5% 1|Crane Operator 2 0} 0O00] 023
o. Remove Lid Lifting Device 2 2 2{Operators 2 0f ©000] 017
20 t|{Ragnron 10 Of 000f 008
20 1{Crone Operator X 0f 000} 008
p. instal Contarmmation Control 20 20 2|{Operatons 2 of 000 0.7
Total 390] 755 0.00| 4.65
3. Transter MPC trom Transportation- overpack io Stor poch
(Empiocement-overpock) QasssUMe Crane enciosure bockpround dose
a. Engage Crane to MPC Lift Altachmont 10 5 2|Operaton 2| 394] 657| 004
10 1}|Rogman 10| 87 145( 004
10 1|Crane Operator 20 05| 008 004
b. Verdly Vertical Akgnment of MPC to Trensport Cask 10 10 1|{Operator 28 97| 1617] 04
¢. Cloar Operaton to o Shiekded Area 10| 0 0 0 0 0] ©0.00] 000
c1. Close Transtet Roomn Doofs 0| O|Remote 0 0 0.00[ 000
d. Raise MPC from Transpottation Cask 30 0| OlRemote 0 0| 000] 000
©. Move MPC Over Storoge Cask s| o oOlremote o of 000 000
1. Vertty Vertical Algnment of MPC to Storoge Cask 10 0| OlRemote of o 000} 000
g. Comect Vertical Alignment 20 0 O|Remote 0| o o000| 000
h. Lower MPC info Storage Cask 0 [ 0[Remote - 0 0f 000] 000
hi. Open Transter Room Doors 0| O[Remote of of ono| 000
i. Rodiation and Contamingtion Suvey 45 & 2|Radiation Protection 2 5| 8850} 038
;. Remove MPC Lift Aftachmert fromMPC 30! 2 2|Operators 10{ 87 $80| 0.17
15 1|Rogman 10 87 2.18] 006,
15 1|Crane Operator 20| 05 0.13} 006
k. Dsengoge Crane frorm MPC Ut Attachment | 10 5 2|Operators 2] 394! 657 004
| 10 1|Rogman 10 87 145; 004
| 10 1iCraone Operator 20| 05| o008] 004
Yot 2101 158 129} 0.96
{
4. Prep MPC/Emplocement-overpack from |
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Table A1-12 MGDS-MPC (continued)

MPC fronsier Cedl for Emplocement assume SIane enciosure bockground dose
a. Rermove Contamination Control From Llooded Stomge O~ 20f 20 2{Operators 2 %] %33 017
b. instalt inner Emplacement Ud &) 30|  2|Operators ] 21 o7 97.00[ 025
0 |» 10] 87| 435] 0.3
X Crane Operator 20| 05| 025] 013
c. Setup Remote Welding Equipment 45 &5 'Wolder 2| @ 7275 mo'
d. Weld MPC Inner Lid 1500 0| ORemote of 0 000
@. Verity Weid &) 0 1{QA Welder 2| 97 450 0.13]
1. Remove Remote Wekding Equipment 2 2 1|Welder 2] 971 3233 og;’
g. Connect Evacuition/nerting Equipment 10 [1] 1|Operator 2| 971 16.17{ 004
h. Evacudte and nart Emplocement 45| 10| 1{Operator 23| &i7] oo
85 Operatot 0] 87] 653! 0.9
. Dsconnaect Evacuation/inerting Equipment 5l § Operator 2| 971 808! 0@
| Ploce and Sedl Weld Valve Cover 90| 90 [Weldet 2| 97] 14550( 038
k. Prace Empiacement Outer Licd N XD Operator 2| 7] 4850! 0.3
0 Rogman 0] 87 43| 0.3
1 X Crane Opergtor 20| 05| 025] 0.13
{. Setup Remote Waiding Equipment 45 & 1{Weider 2| &7 5] 0.19)
m. Weld Ermplocement Outer Lid 400 0} _OiRemote of O 000] 000
n. Verlly Emplacement Outer Lid Weld & X 1{QA Welder 2| 97| 4350| 0.3
o. Remove Remote 'Weiding Equipment 20{ 20| 1iWelkder 2| 97 3233| 008
|e- Remove Piatform Extension 5 5 2|Operators 6 11 183 004
‘ Transter Room Doox, simuftanecusly 0 1|Operator 1) 0 000} 0.00
. Move Loaded Skrage Cesk fo Storage Cask Prep Roomn 10 10| 1|Operator 0] 87{ 145| 004
r. Close Emplacement Transter Room Door 5| 0 1|Operator o 0o 000| 000
s. HP Survey Cask 4] X 2|Radigtion 2] 5| S| 025
1. Unsecure Loaded Emplocemert Cask from Camer 20 10 2|Operaton 2l S| 1967] 008
H. Engoge Crane with Yoke 5|  2(Operaton 2| 394] 657! 004
10 1{Rogmon 0 871 145 004
10! 1{Crane Operator 20| 05| 008] 004
u. Open Emplocement Cask Prep Room Door 8§ 0 1jOperator 0 © 000 000
v. Move Loaded Emmplocement Cask to Transporter Bay 10{ 10| 2iOperators 10] 87] 290| 008
10 1{Crane Oporgator 20! 05 008] 004
w. _Diengoge Crane from Looded Empiocement Cosic 10] 10 2|Operators 2{ 394 13.13] 008
D 1{Ragman 10 87] 145 04
0 1{Crone Operator 20| 05| 008 004
wi. Close Emplocement Cask Prep Room. simutonecassiy 0f 1{Operator 0 0{ 0.00] 0.00]
x__Engoge Looded Emplocement Cask with Transporter €0] | 2(Opercton 2] % 00| 025
o, Secure Loaded Emplocement Cask to Transporter for Move X0 1{Tronsporter Operator | 15| 05|  025] 0.13
Total { 2795] 40 851} 3.71
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A2. FACILITY ROUTINE RADIATION EXPOSURES INPUTS

This portion of the Appendix A forms a foundation for the facility routine exposure calculations
that were shown in Appendix Section Al. The facility operation procedures and initial estimates
of exposures are based on utility operations experience and data from EPRI reports. The
operation exposures for the MPC system and the alternative systems are made consistent within
each CRWMS facility, and are used to create the detailed exposures steps and tables for other
CRWMS designs, including the reference scenario, TSC system, and MPU system. This process
includes organizing and harmonizing of the input data to provide a consistent basis for all

alternatives.

These data are used to estimate the routine radiological exposures iri the CRWMS facilities. The
data are based on dose rates measured during operations with comparable casks under conditions
similar to those of the reference scenario and the MPC system. In this appendix the exposures
with the more readily justified ALARA techniques, and the basic conventional operating practices
exposures are shown. Results of the final tradeoffs of cost and occupational exposures will
determine the actual occupational exposures during facilities operations. These estimates
correspond to the exposures during the first 2 to 5 cask handlings at each facility. Learning
experience will improve handling times and positioning to reduce exposures subsequently. The
conservatism introduced by neglecting learning is about 10 to 30% of exposure reduction during
6,000 handlings at plausible learning rates, Reference 6 of this Appendix.

The estimated exposures are conservative since specific use of ALARA techniques was not yet
included in the estimated times or the exposures. The calculations for this report, as shown in
the first section of this appendix, are based on the nominal exposure values and do not use the
ALARA data.

A2.1 APPLYING ALARA TECHNIQUES

The dose estimates were reviewed to identify high dose activities. The high dose activities are
associated with radiation streaming from the cask during lid installation, whether the lid was
welded or bolted. The dose for these operations can be reduced by using temporary lead -
shielding, such as lead blankets, tubular lead shields, and curved lead inserts for the annulus, to
reduce the dose received by workers setting up or removing welding equipment and welding
valve cover plates. The thicknesses of these shields vary depending on the worker dose rate

permissible.

The ALARA techniques are based on an assumption that the welding equipment can be modified
to do some of the activities now performed manually at most utilities. For example, cameras
could be attached to welding equipment to inspect the weld so that manual close-range Quality
Assurance (QA) inspection would not be needed near the lid of the cask. Also, welding
equipment could be lowered with the cask lid so that operators would not have to guide the lid
down onto the cask. The welding equipment could also be designed to provide automatic
centering and alignment. Of course, this automatic processing may take longer than manual setup
and removal of equipment. Detailed studies for time versus exposure need to be performed to
determine the best way to set up and remove the welding equipment.
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The welding equipment could also be used for other ALARA dose reduction procedures. A 1-part
water fluorescing dye could be applied to the lid weld, with an attachment to the welding system.
After the required dwell time a water rinse could be applied, with a close coupled vacuum system
to remove water. Once the excess water is removed a close-up video camera could be used to
* examine the weld area for defects disclosed by the dye. Although such modifications can be
made to existing welding systems to reduce workers® exposures, cost tradeoffs of worker
cxposure versus automation are needed to determine if the changes are reasonable.

Other ALARA procedures, such as the installation and use of remote controlled automated
equipment, can reduce the radiation exposure to workers to near zero, since no workers are
required nearby during high dose operations. Remote automated equipment is usually more
expensive than temporary shielding or modifications of existing equipment. Examples of
equipment are robotic arms with welding equipment that are programmed to weld cask lids of
specific diameters. Robots could take "swipes" of incoming casks to quantify the amount of
contamination on the cask, and robots could be designed and programmed to place and torque
bolts on the transportation casks. Sandia National Laboratory is reviewing the use of remote
automated equipment at the MRS facility to reduce occupational exposure. Sandia National
Laboratory has visually and physically demonstrated several types of automated equipment that
would reduce worker exposures. However, ALARA techniques have to be cost-justified to
determine if the procedures are worth the expense.

In this dose assessment, an assumption was made based on utility experience and topical reports
from cask vendors that the welding related dose can be reduced by a factor of 10 if suitable
temporary shielding is used in the welding equipment setup and removal. Temporary shielding
around the lid can obstruct the quality assurance activities for lid weld verification. For this
report, no dose reduction was assumed for these activities. The results of the ALARA evaluation,
which take credit for use of common, easily justified dose reduction techniques, are included in
the tables of this appendix.

A2.2 BASIS OF ROUTINE EXPOSURE EVALUATION
A2.2.1 Fuel Characteristics and Heat Generation

In these dose assessments, actual dose rates from existing Independent Spent Fuel Storage
Installations (ISFSIs) were used to deterniine the occupational exposures incurred from handling
the MPCs and the reference scenario. Utilities with SNF storage facilities on-site provided fuel
characteristic information as well as dose rate profiles for their particular fuel and casks. All of
the fuel assemblies currently in storage at the existing ISFSIs, that we contacted, were 15 x 15
PWR fuel assemblies. The burnup of the fuel assemblies stored ranged from 21 gigawatt-days
(GWD)/MTU to 36 GWD/MTU. The emrichments for the fuel in the casks reviewed ranged from
1.86 % to 3.2 % U-235. The fuel enrichment and burnup are representative of the fuel that will
be handled in the CRWMS.

A2.2.2 Dose Rate Profiles

Representative dose rate profiles based on several types of casks are used, depending on the cask
handling operations taking place. Figures A2-1 through A2-7 are based on actual dose rate
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profiles for representative 24 element PWR storage cask and transportation casks. Figures A2-1
through A2-5 show conservative estimates based on the TN-24P and MC-10 casks used at
Virginia Power’s ISFSI; and, the Nuclear Horizontal Module Storage (NUHOMS)-24P ISFSI at
Duke Power’s Oconee Nuclear Station. Dose rate profiles are similar for these casks.

* The dose rate profile estimates were based on actual dose rate profiles documented in two

Electric Power Research Institute (EPRI) reports, EPRI NP-5128 and EPRI NP-5268, (References
2 and 3, respectively). Figures A2-6 and A2-7 illustrate the GA-4 transportation cask dose rates
on the truck. The data are from the GA-4 and GA-9 Final Design Reports, References 4 and 5.

The GA-4 transportation cask dose rate profile was used to represent dose rates due to relatively
distant handling of loaded truck or rail casks, while the casks are on the truck or rail vehicles.
Doses at over 6 feet depend on the reflection from the truck or rail vehicle beds. Doses in
facilitics or ISFSI areas, especially at working distances of over 6 feet, will include a background
flux. With unloaded or empty casks, canisters, and overpacks the background is the only dose.
For ALARA some protection of workers against the background dose probably will be provided.
The GA-4 transportation casks can transport 4 PWR assemblies. The same transportation cask
dose rate profile was used for both truck and rail. Although there was a GA-9 BWR
transportation cask for transporting 9 BWR assemblies, the PWR transportation cask had a more
conservative total dose rate profile than the BWR cask.

The radiation protection survey area dose rate, 43 mrem/hr, was an average taken at the surface
on the transportation cask. Any vehicle operator, including a crane operator, is assumed to be
in a shielded cab or at a distance so that the dose rate in the cab is 0.5 mrem/hr. This is based
on the GA-4 transportation cask cab dose rate, Reference 4. Welding operations performed on
primary lids, installed after installing the shield plug, are assumed to have a streaming dose rate
equivalent to that of a cask with water in the annulus, as shown in Figure A2-5.

The transporter at the MRS facility is assumed to be a transporter/crane combination. The
transporter operator could operate the crane used in moving MPCs to and {rom the storage pad.
However, at the utilities, the transporter and crane are separate vehicles that are used in taking
the MPC or transfer cask to and retrieving it from the at-reactor storage yard. Also, the general
working area dose rate in the storage area is assumed to be roughly 2 for average loading, with
a maximum of 11 mrem/hr. The average storage area dose rate depends on the average spacing
between casks, orientation of the casks vertical or horizontal, number of casks in storage, and the
storage area pad or cell loading/unloading sequence, and the traffic flow pattern used to minimize
traffic movement near loaded storage casks.

A Prime Mover referred to any type of heavy haul equipment that was used to move transfer
casks and transportation casks at utilities, the MRS or the MGDS facility. A Prime Mover may
be a train engine for rail transportation casks or a tractor/trailer used to move the casks on-site
or off-site.



Metal Cask Side Surface Dose Rate Profile With Neutron Shielding
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Figure A2-4. Working Condition Dose Rates for Welding of the Top Cover Plate Weld
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Figure A2-7. GA-4 Cask Corner Surface Dose Rates Ref. S (Dimension in Inches) -
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Table A2-1. GA-4 Cask Corner Surface Dose Rates (Reference 5)

Dose Point

Dose Rate Without Temporary
Shielding (mrem/hr)

Dose Rate With Temporary
Shielding (mrem/hr)

1 197.3 110.2
2 114.8 63.7
3 34.0 18.5
4 120.5 19.4
5 469.5 96.7
6 267.8 68.7
7 148.4 417 1
8 160.4 61.0

< 9 81.4 28.3 i
10 220.9 48.6
11 663.5 99.1 1
12 620.2 775 l

' Ve



A2.3 RADWASTE FACILITY EXPOSURE
A2.3.1 Utilities

No dose assessment was performed on radwaste handling operations at utilities, with respect to -
loading casks for shipment to the MRS facility. The radwaste generated at the utility during the
Joading operations in the utility spent fuel pool is assumed to be negligible compared to the
amount of radwaste that is normally generated at the utility for normal pool cleaning and dry
active waste processing. The difference in radwaste produced during the loading of a
transportation cask via the spent fuel pool and the loading of a MPC via the spent fuel pool is
not significant because the same operations are used.

A2.3.2 MRS Facility

MRS Tfacility radwaste in the reference scenario included high efficiency particulate air (HEPA)
filters from the ventilation system, fluid filters from cask decontamination, and dry active low
Jevel waste. The volume of radwaste expected to be produced in the reference scenario was
summarized in Table A2-2. The occupational exposure due to the handling of the reference
scenario radwaste was larger than the MPC system radwaste occupational exposure value,
because the volume of HEPA filters disposed of in the reference scenario was greater-than in the
MPC system. The reduction in bare SNF handling reduced the expected wastes from bare fuel
handling operations.

Table A2-2. Reference Scenario Radwaste

Radwaste Type Volume Activity
f) (Curies Cobalt-60 equivalent)
Dry HEPA filters 720 90
Transfer cell vacuum filter 1 477
Wet cartridge filters 6 9
Wet demineralization resins 90 5
Dry active waste 200 10

Radwaste at the MPC system MRS facility also included high efficiency particulate air (HEPA)
filters from the ventilation system, fluid filters resulting from cask decontamination, and dry
active low level waste. The amount of Radwaste produced at the MPC system MRS facility as
a result of handling MPCs was included in Table A2-3 below.
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Table A2-3. MPC System Radwaste

Radwaste Type Yolume Activity
ft) (Curies Co® equivalent)

Dry HEPA filters 144 18-

Transfer cell vacuum filter 1 52

Wet cartridge filters 6 9

Wet demineralization resins 90 5

Dry active waste 150 10

Workers in the Radwaste Facility portion of the MRS facility will incur some exposure due to
changing out filters in various systems, handling dry active low level waste, mechanical
maintenance, security, or any other type of occupational requirements in the Radwaste areas.
Dose assessments of the Radwaste Facility were perfonned in five areas expected to coatribute
to occupational exposure, as described here.

1. Radioactive Contaminants accumulate in the HEPA filters due to the ventilation flow through
these filters. Based on the current design of the MRS facility, we assume that 4 banks (2
banks of HEPA filter and 2 banks of refilters), totaling 12 filters, are changed per year. The
dose rate is assumed to be about 5 rem/hr per filter bank, on contact. The labor requirements
for the changeout of these filter banks are two persons for 1 hour in a 50 mrem/hr field, using
extension tools and a shielding transfer container. Based on these assumptions, the exposure
to personnel for filter changeout is,

( 4 filter banks/year)(50 mrem/hr)(2 persons)(1 hr)(1 rem/1000 mrem)
= 0.4 person-rem/year, for transfer cell HEPA filter operations

All other HEPA filters operations in areas sach as the cask preparation area, storage cask
load-out, maintenance bay, and operation gallery are assumed to yield a personnel exposure
equivalent to 0.4 person-rem/year.

2. Filters and demineralizers process the decontamination fluid; approximately 200 gallons per
cask, produced during cask decontamination. Two filters per year are assumed to be changed
out. The filter dose rate on contact was assumed to be 5 rem per hour. Handling operations
are based on ALARA practices to reduce the working area dose rate to 50 mrem/hr. The
dose to two persons changing out the fluid filter is as follows:

(2 filters/year)(2 persons)(1 hr)(50 mrem/hr-filter)(1 rem/1000 mrem)
= 0.2 person-rem/year, for fluid filter changeout

Personnel exposure from changing-out demineralizer resins and associated activities is
estimated as 0.2 person-rem/year.

3. The collecting, sorting, compacting, drumming, storing, handling, and loading of dry active
low level waste requires two persons working 5 days a week, 24 hours a day, year around.



The working area dose rate is 0.5 mrem/hr. Based on the assumptions, the total personnel
exposure from handling dry active low level waste is as follows:

(2 persons)(6,240 hr/year)(0.5 mrem/hr)(1 rem/1000 mrem)
= 6.2 person-rem/yr, for low level waste handling

4. Exposure of personnel as a result of laundry processing activities is estimated to be
approximately 5 person-rem/year.

5 Access to the Radwaste area is required for mechanical maintenance activities, inspections,
security, and radiation protection requirements. The occupational exposure is from the access
requirements and exposure rates in the area. Access exposure estimates are based on 10
persons per day for one hour in a 2.5 mrem/hr exposure rate area. The requirement results
in personnel exposure as follows:

(10 persons/day)(1 hr)(365 days/year)(2.5 mrem/hr)(1 rem/1000 mrem)
= 9.1 person-rem/year, for radwaste area access

The assumptions for occupational exposure due to MPC system radwaste handling were
conservative based on current operational information. The exposure is summarized as follows:

0.4 person-rem/year Transfer Cell prefilter and HEPA filter changeout
0.4 person-rem/year other HEPA filter operations

0.2 person-rem/year fluid filter changeouts

0.2 person-rem/year demineralizer operations

6.2 person-rem/year low level waste

5.0 person-rem/year handling laundry and contaminated clothing

9.1 person-rem/year radwaste area access

21.5 person-rem/year all radwaste facility activities, for MPC system

The reference system occupational exposure is estimated to be 26. person-rem/year. This value
was included in the total estimated occupational exposure for the reference MRS system facility
in the MRS Conceptual Design Report (MRS CDR), Reference 1. The assumptions for
occupational exposure from reference scenario radwaste handling were conservative based on
‘current operational information.

A2.4 UTILITIES SYSTEM DOSE ASSESSMENT

A2.4.1 Reference Scenario

The exposure associated with cask har.dling at the utilides in the reference scenario are
normalized to the MPC system utility SNF transfer and storage operations. The major differences

between the reference scenario and the MPC system are that more transportation casks are

A-76




-’

handled in the reference scenario, and the casks have bolted rather than welded lids. The
following scenarios are used for the utilities in the reference scenario. A description of the
typical estimated dose from operations is included.

Truck ("25 ton") transportation cask loaded in-pool at reactor and placed on a truck for shipment

to an MRS

The operations with this scenario are identical to Table A2-5, Steps 1 through 5 of the MPC
vtilities dose estimate. These operations expose personnel to 0.4 person-rem/cask handled.
Application of ALARA techniques could reduce the exposure to 0.2 person-rem/cask.

Large (100 ton") and moderate ("75 ton™) sized rail transportation cask loaded in-pool at reactor
and placed on a train for shipment to an MRS

These- operations are similar to Table A2-5, Steps 1 through 5 with the exception of the times
associated with the lid installation and decontamination tasks for the rail transportation cask.
ALARA procedures can be applied in Step 4 of Table A2-5. The rail-times should be used in

Table A2-5, as appropriate.

Large and moderate sized rail transportation casks loaded at uiilities and placed on a train for
shipment to 2 MRS (includes cask-to-cask transfer for an optimistic capability scenario)

This exposure steps per cask are identical to the steps in Table A2-4, Steps 1 through 6 and 10
through 11 for rail transportation casks used in the cask-to-cask transfer method, excepting the
lid installation and decontamination with the rail transportation cask. An ALARA based exposure
is 1.9, reduced from 2.4. ALARA techniques may be used in Step 4 of the Table A2-4.

Large and small non-transportable MESCs loaded in-pool at reactor and placed in concrete
modules for on-site dry storage

These tasks for large and small non-transportable multiple element storage containers (MESCs)
loaded in-pool at reactors and placed in concrete modules for on-site dry storage are similar to
those of Table A2-3, Steps 1 through 5 and Steps 11-13 of the MPC utilities. The total exposure
during loading of large and small MESCs at-reactor, plus storing the MESCs on-site, is 2.6
person-rem/cask. Use of ALARA techniques reduces the exposure to 1.5 person-rem/cask.

Large and small non-transportable MESCs retrieved from storage, returned to pool, cut open, and

SNF transferred to rail and truck transportation casks for shipment to an MRS

Retrieving MESCs from on-site storage for shipment to the MRS facility requires the reverse of
the operations in Table A2-3, Steps 1 through 5 and Steps 11 through 13, which result in a
worker exposure of 2.1 person-rem/cask, without an adjustment downward for decay. Application
of ALARA techniques could reduce the exposure to 1.5 person-rem/cask. The cask-to-cask, in-
storage delay, while decay acted, is conservatively assumed to be zero. Cutting open the MESC
lid is expected to result in the same or slightly lower worker exposure, as compared to the

welding operations.



A242  MPC System

Transportation casks in the MPC system are treated in the same way for the purposes of this dose
assessment, whether truck, rail, or barge casks, and in this section are shown as though
independent of weight. Actual dose rates from the GA-4 transportation cask are used to estimate
the transportation cask handling exposures, and these dose rates are assumed to be representative
of any type of existing transportation casks. Transportation cask dose rates are limited by 10
CFR 71. The GA-4 transportation cask dose rates compare favorably to 10 CFR 71 dose rate
limits. Representative 24 element storage casks are used to estimate typical ‘dose rates for the
MPC transfer operations and dose rates for the MPC storage operations. The TN-24P, MC-10,
and NUHOMS-24 storage casks are assumed to be representative. The dose rate profiles
representing transportation casks and storage casks are used throughout to estimate the SNF
handling related occupational exposures at utilities.

Several components make up the utility 'SNF transfer and storage operations for MPCs. Some
atilities receive MPCs, transfer SNF to these MPCs directly in their pools, and ship the loaded
MPCs to the MRS facility. Some MPCs may be transferred to and from on-site storage facilities.
Other utilities can transfer fuel from a local type cask to the MPC/Transportation cask for
shipment to the MRS/MPC facility. Finally, various utilities will not be able to handle MPCs
at all, for whatever reason, so bare fuel will be transferred to transportation casks for shipment
to the MRS facility, similar to the methods used in the reference 'scenario. The MPC cask
handling operations are summarized in Tables A2-3 through A2-5. Scenarios 1/2 represent cask
handling steps required for the receipt of MPCs at utilities and for the transfer of fuel from the
spent fuel pool or ISFSI to the MPCs. Scenario 3 represents a cask to cask transfer.

Scenario 3 differs from Scenario 1/2 because a transfer cask is loaded in the spent fuel pool and
moved to a cask-to-cask transfer area. In the transfer area, the fuel is transferred from the
transfer cask to the MPC. This operation is repeated until the MPC is full. In Scenarios 1
through 3, MPCs can be moved to on-site storage or retrieved from on-site storage for transfer
to the MRS/MPC facility or the MGDS facility.

Scenario 4 was established for cask operations at utilities that cannot handle MPCs, or be
modified to do so. In Scenario 4, spent nuclear fuel is transferred from the spent fuel pool to
a transportation cask for transfer to an MRS facility or to the MGDS facility.

Truck, Rail, or Barge Transportation Cask Loaded in Pool at Reactors and Shipped to the
MRS/MPC Facility or MGDS Facility :

Truck, rail, and barge transportation casks are represented by the GA-4 transportation cask dose
rate profiles since all transportation casks must meet the dose rate limits of 10 CFR 71. The dose
profiles are assumed to be the same for all transportation casks. The dose rate profiles for the
GA-4 cask include data at the surface, 1 and 2 meters. The dose rates are applied at the working
distances for each step. Dose rates for distances at 10 feet in this section are taken from the 2-
meter distance on the dose rate profile. Dose rates at 2 feet are assumed to be the surface dose
rate.

A-T78

Jm——“'——m



S’

Dose rates for the 24 element cask include side dose rates at 1 and 2 meters, in addition to
surface dose rates. Where dose rates at 2 feet are needed, surface dose rates are used. At 10
feet, 2 meter dose rates are used. Thus, the storage yard was assumed to have a working area

dose rate of 11 mrem/hr, based on the 2 meter dose rate for the 24 element cask. The 11

mrem/hr was used for ISFSIs and the MRS facility storage yard. In the spreadsheets, the
working area doses were separated into a direct dose, and a background dose, with the result that
the total dose rate remained at 11 mremvhr in the ISFSI and MRS facility storage yards.

Welding operations are assumed to be performed using a remote controlied welder. The largest
exposure to workers is during setting up the remote welding equipment. Also, a flagman is
assumed to be used for directing crane operations, during actions where the crane operator’s
visibility of the object being moved is redeced.

Some operations involve only unloaded or empty casks. "Unloaded" implies that the cask was
loaded previously, but does not hold fuel at the present time. "Empty" implies that the cask was
never loaded with SNF. In either case, no dose is incurred by workers during the transportation
cask or MPC operations. Other operations are performed by machines at the canisters or casks
and controlled remotely, so no people are near the casks and no dose is received by workers.

Table A2-4 identifies the steps of Scenario 1/2, for dose assessment. Steps 1 through 6 of the
handling operations relate to transportation cask loading and preparation for shipping to the MRS
or MGDS facility. Scenario 1/2 begins with the receipt of an empty MPC at the utility. The
MPC is loaded into a transportation cask and put in the spent fuel pool for fuel loading. The
SNF loading is controlled remotely. Once the fuel is loaded, the cask lids are installed and
preparations are made to load the transportation cask onto the off-site vehicle that takes the cask
to the MRS or the MGDS facility. A summary of the dose received by workers for each step
of the operations is listed below. The application of ALARA dose reduction procedures,
discussed previously, could result in a dose of 0.7 person-remy/cask for this scenario.

Table A2-4. MPC Load by Cask-to-Cask and Prepare o Ship

Handling Operations Exposure (person-rem)
ALARA Nominal

1. Empty MPC received in Prep area 0 0
2. MPC loaded into transportation cask 0 0
3. MPC/cask loaded into utility’s spent fuel pool 0 0
4. SNF loaded into MPC/cask 0.01 0.01
5. Loaded MPC/cask moved from pool to Prep area 0.5 1.5
6. Loaded MPC/cask moved from Prep area to_gate 0.2 0.2
Total exposure per cask 0.7 1.7



A2.4.3 MPC Loaded by Cask-to-Cask Transfer and Shipped

The same assumptions concerning dose rates for the transportation and 24 element casks
established in the previous section apply for cask-to-cask transfer operation steps.

Scenario 3 deals with transfer of SNF to a MPC outside of the spent fuel pool, by using a
shielded transfer canister and a cask-to-cask transfer exclusively. The detailed operational steps
for this scenario are shown in Table A2-4. In this scenario, the on-site transfer cask is moved
into the pool Prep area. The on-site transfer cask is prepared and placed in the spent fuel pool.
The SNEF is loaded into the on-site transfer cask by remote controlled operations. The loaded
wransfer cask is moved back into the pool prep area. The on-site transfer cask is moved from the
pool Prep area to the cask-to-cask transfer area, for the SNF transfer to the MPC. In addition,
an unloaded MPC has been received at the utility for this step.

The MPC is moved to the cask-to-cask transfer area. Steps 1 through 6 of Table A2-5 and Steps
7 through 9 are the operations to prepare the on-site transfer cask and the MPC for fuel transfer.
Step 10 describes the actual cask-to-cask transfer. Step 10 involves moving the SNF from the
on-site transfer cask to the MPC by a cask-to-cask transfer method. For this dose assessment,
these operations are assumed to yield a dose of 1.0 person-rem/cask to workers.

Once the MPC is loaded, the loaded off-site transportation cask is moved to the gate area for the
final check out, before moving from the utility site. Steps 12 and 13 include the operational
steps to move the loaded on-site MPC transfer cask from the cask-to-cask transfer area to the
ISFSI, at the utility. The off-site transportation cask is moved into the ISFSI area to retrieve the
MPC for transport to the MRS or MGDS facility, as described in Steps 14 through 16.

The exposure received by workers during the cask-to-cask transfer operations occurs during three
activities: 1) SNF transfer from the on-site transfer cask to the MPC/transport cask; 2) MPC
storage in the ISFSI, from the cask-to-cask transfer area; and, 3) MPC retrieval from the ISFSI
for shipment off-site. The cask-to-cask transfer dose estimate is summarized below. The
application of ALARA dose reduction procedures, discussed previously, could result in a dose
of 1.5 person-rem/cask for Steps 1 through 11.

Table A2-5. MPC Load by Cask-to Cask and Prepare to Ship

Handlin erations Exposure (person-rem)
ALARA Nominal

1. Transfer cask moved from cask-to-cask transfer area to pool

Prep area 0 0
2. Transfer cask moved from pool Prep into spent fuel pool 0 0
3. SNF loaded into the transfer cask 0.01 0.01
4. Loaded on-site transfer cask moved to pool Prep area 0.2 0.4
5. Loaded on-site transfer cask from pool Prep to cask-to-cask

transfer area 0.1 0.1
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6. Unloaded off-site MPC transportation cask moved into cask- 0 0
to-cask Prep area

10. SNF transferred from transfer cask to MPC/cask 1.0 1.0
11. Loaded off-site transportation cask moved to gate 0.2 0.2
Total exposure/cask 1.5 1.7
Handling Operations (2) (ALARA and Nominal) Exposure
12. Prepare loaded on-site MPC transfer cask for move to 0.2
ISFSI

13. Loaded on-site MPC transfer cask moved to ISFSI 0.4

Total exposure/cask 0.6
Handling Operations (3) (ALARA and Nominal) | Exposure
14. Unloaded off-site MPC transportation cask receipt to ISFSI 0.1

15. MPC transfer to off-site transportation cask 0.5

16. Loaded transportation cask moved from ISFSI to gate 0.3

Total exposure/cask 0.9

A2.4.4 MPC Loaded at the Utility and Placed in On-Site Storage

Scenario 1/2 provided in Table A2-3 also encompasses MPC storage at the utility site after the
MPC has been loaded in the spent fuel pool at the utility. Steps 7 and 8 of this scenario,
included in Table A2-4 (extended), describe the operational steps involved in placing the MPC
into storage. The dose incurred by workers loading the MPC is 1.7 person-rem/cask as discussed
earlier in Steps 1 through 6. If the MPC is stored on site, then Steps 7 and 8 contribute to the
dose. Once the MPC is loaded, it is prepared and moved to the ISFSI area for on-site storage.
The MPC is transferred to the on-site storage facility. The transporter is prepared for movement
back to the protected area. The added dose was 0.6 person-rem, for on-site storage of an MPC.

A2.45 MPC Retrieved from On-Site Storage and Shipped Off-Site

Steps 9 and 10 of Table A2-4 involve the receipt of an unloaded on-site transfer cask and an
unloaded transportation cask to the prep area, and result in a 0.054 person-rem dose to workers.
Steps 11 through 13 of Table A2-4 list the operational steps required to retrieve the MPC from
an on-site ISESI to be shipped off-site. The off-site transportation cask is moved to the ISFSI
as described in Step 12. The MPC is transferred to the off-site transportation cask. The off-site
transportation cask is moved to the gate for a final check-out before leaving the utility site. The
dose estimated for retrieving a MPC from on-site storage is one person-rem. No ALARA
reductions were shown for these steps.



TABLE A24. (extended)

Exposure

Handling ()perations (person-rem)
1-6. Loading a MPC 1.7
7.  Loaded on-sitt MPC transfer cask prep for ISFSI 0.2
8. Loaded MPC transferred to ISFSI 0.4
Total exposure/cask 2.3
Handling Qperations Exposure
9-10. Receive unloaded transfer cask and transport cask 0.054

- 11. MPC transfer to off-site transportation cask 0.6
12.  Unloaded off-site transportation cask moved to ISFSI 0.1
13. Loadged off-transportation » cask moved from ISFSI to gate 0.3
‘Total exposure/cask 1.0

A2.4.6 SNF Loaded into Transportation Cask at Utility for Shipment Off-Site

Scenario 4 of the utility SNF transfer and storage operations, Table A2-6, was developed to
estimate the dose for the utilities that cannot accommodate MPCs and cannot be modified to
handle MPCs. In the scenario, a transportation cask is received at the utility and sent to the Prep
area. The transportation cask is prepared and lowered into the spent fuel pool. The SNF is
remotely loaded into the transportation cask. The transportation cask is removed from the pool.
The cask lids are installed in the Prep area. Then the transportation cask is secured to the off-site
prime miover and moved to the gate. The application of ALARA dose reduction procedures
could result in a dose of 0.2 person-rem/cask.

Table A2-6. MRS, SNIF Load and Prepare to Ship Exposures

Handling Operations Exposure son-rem
ALARA Nominal
1. Unloaded off-site SNF transportation cask moved to Prep area 0 0
2. Off-site transportation cask moved to the spent fuel pool 0 0
3. SNF loaded into the off-site transportation cask 0.002 0.002
4. Loaded off-site transportation cask moved from pool, to Prep
area 0.1 0.3
5. Move loaded off-site transportation cask from Prep area to gate 0.1 0.1
Total exposure/cask 0.2 0.4
A-82
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'A2.5 MRS FACILITY

A2.5.1 Reference Scenario

- Refer to the MRS CDR, Reference 1, for the details about the basis of the reference scenario

dose assessment. The reference scenario dose estimates were updated to reflect more details of
handling operations for transportation and storage casks so that the comparison of the original
reference scenario and the MPC system will be more accurate.

A2.52 MPC System

The MPC system involves more varied operational steps than the reference scenario. A discussion
of the scenarios for the handling of MPCs follows. The reduced exposures in steps where
ALARA techniques could be applied during lid installation operations are shown in the tables.

A2.52.1 SNF Transferred to Large MPC and Placed in Storage at the MRS

The GA-4 transportation cask and the 24 element cask dose rate profiles are used in the
MRS/MPC facility dose assessment for the generic transportation cask and the MPC/Storage cask,
respectively. The assumptions stated previously concerning the remote operations, crane
operations, and storage yard working dose rates are the same for the MRS facility. The
operational steps for the bare SNF transfer concept are identified in Table A2-6. The bare SNF
ransfer at the MRS begins with the receipt of a loaded transportation cask. The loaded
wransportation cask is inspected, surveyed, and prepared for movement into the transfer cell area.
An empty storage cask is brought into the transfer cell area and mated with the cell port.

The SNEF is remotely offloaded into the lag storage area until the lag storage contains a full MPC
load of SNF. The SNF is taken out of the lag storage area and placed into an MPC/storage cask.
The storage cask is unmated from the transfer cell port and moved into the welding area of the
bare SNF transfer facility for lid installation and welding. The unloaded transportation cask is
moved into the dispatch area. The transportation cask is then prepared to be shipped to another
utility to pick up bare SNF. The steps are listed in Table A2-7. The application of ALARA dose
reduction procedures could result in a dose of 1.4 person-rem/cask for this scenario.



Tatble.A2-7. MRS, SNF Transfer and Storage Exposures

Handling Operations Exposure(person-rem
ALARA Nominal
1. Loaded transportation cask received to bare SNF transfer 0.3 0.8
facility
2. Empty MPC/storage cask moved into the bare SNF 0 0
transfer facility
3. SNF loaded into the MPC/storage cask
Transportation cask lid is inspected
5. Loaded MPC/storage cask moved to the facility storage 0.6 1.8
‘yard
6. Unloaded truck moved from transfer cell to dispatch area 0 0
Total expogure/cask 0.9 2.6
Table 7. Step 9; Loaded rail cask moved from Prep to
Dispatch -MGDS 0.5 0.5
Total exposure/cask : 14 3.1

A2.52.2 MPC Arrives at MRS and Stored in the Storage Yard

Most utilities will be capable of handling a large or small type of MPC. In these cases, MPCs
‘will arrive at the MRS to be transferred to the facility storage yard for storage until shipment to
the MGDS, later. Table A2-8.1 gives a description of the operations and exposures.

Transportation casks are received at the MRS MPC transfer area. Preparations are made in order
to move the MPC/transportation cask into the MPC transfer room, as described in Step 1. An
empty storage cask is moved into the transfer room and prepared for the receipt of a MPC. The
loaded MPC is transferred from the transportation cask to the storage cask by remote operations
once the area is cleared. The loaded storage cask is then moved from the MPC transfer room
to the storage yard. The unloaded transportation cask is then moved to the dispatch area and
prepared for shipment to another utility to pick up SNF. A summary, Table A2-8, follows. The
application of ALARA dose reduction procedures, discussed previously, could result in a dose
of 1.1 person-rem/cask for this scenario.




Table A2-8.1. MRS, Cask Arrival and Storage

Handting Operations Exposure(person-rem
ALARA Nominal

1.  Loaded rail transportation cask received at the MRS

facility MPC transfer room 04 0.7

2. Empty storage cask moved to the MPC transfer room 0 0
. MPC is loaded and checked for contamination 0.1 0.1
4. Loaded MPC/storage cask is moved from the MPC 0.6 0.8

transfer room to the storage yard
5.  Rail transportation cask moved to the dispatch area and

preparations are made for shipment to another utility 0 0
Total exposure/cask 1.1 1.6

Table A2-8.2. Cask Preparation for Shipment
ALARA Nominal

6. Loaded MPC/storage cask moved from MRS facility 0.7 0.7
storage yard to the MPC transfer room

o
o

7 Unloaded rail transportation cask received and moved to the
MPC transfer room

8. Loaded MPC prepared and transferred to the rail 0.1 0.1
transportation cask

9. Loaded rail transportation moved from cask prep area to 0.5 0.7

dispatch
10. Unloaded storage cask moved back to MRS storage yard 0.1 0.1
Total exposure/cask 1.4 1.6

A2.52.3 Bare SNF Transferred to MPC and Shipped to MGDS

Table A2-7, Steps 1 through 6 were discussed previously and refer to bare SNF transfer to a
MPC in the MRS facility transfer cell. The dose estimate for this operation is about 0.8 person-
rem/cask to the point of loading a MPC, excluding the exposure during the movement of a loaded
MPC to the storage yard, which takes place in Steps 4 through 6 of Table A2-7. Welding the
MPC closed results in a dose of 1.3 person-rem/cask. Assuming SNF was loaded into a MPC,
then Table A2-8.2, Step 9 describes an additional operational step for preparing a loaded MPC
for shipment off-site. The exposure for preparing a loaded MFC for shipment to the MGDS is
approximately 0.9 person-rem/cask. The total dose received by workers for moving bare fuel
from a transportation cask to a MPC and preparing the MPC for shipment off-site is 3.0 person-
rem/cask.



A2.52.4 MPC Arrives at MRS Facility for Shipment to MGDS

Table A2-8.2, Step 9 contains the steps necessary to prepare a loaded MPC/ransportation cask
for shipment to the MGDS. If the MRS facility is only being used as a check point for the
' MPC/transportation cask between the utility and the MGDS, then the steps involved in checking
the MPC/transportation cask are identical to those in Step 9 of Table A2-8.2. Therefore, the
exposure received by workers surveying the cask for transportation is about 0.06 person-rem/cask.
No dose reductions were foreseeable from use of ALARA procedures.

A2.5.2.5 MPC Retrieved from MRS Facility Storage Yard for Shipment to MGDS

The next scenario in the MRS/MPC system considers the retricval of a MPC/storage cask from
the MRS facility storage yard for shipment to the MGDS. In the scenario, a loaded MFPC is
moved from the storage yard to the MPC transfer room. An unloaded rail transforation cask is
also moved into the MPC transfer room. The storage cask and the rail transportation cask are
prepared for MPC transfer. The loaded MPC is transferred from the storage cask to the
transportation cask. The loaded rail transportation cask is surveyed and prepared for shipment
to the MGDS. The unloaded storage cask is moved back to the MRS facility storage yard. Table
A2-8 Steps 6 through 10 describe these operational steps. The dose estimate follows. The
application of ALARA dose reduction procedures, discussed previously, could result in a dose
of 1.4 person-rem/cask for this scenario.

A2.6 CASK MAINTENANCE FACILITY
A2.6.1 Reference Scenario

The Cask Maintenance Facility (CMF) personnel clean the transportation cask, install spacer
grids, and clean the fuel storage baskets, if necessary. The cleaning operations are performed
underwater, in a pool. Some of the transportation cask intemals as well as the cask interior will
require cleaning to remove radioactive crud. ‘The amount of crud will vary because each fuel
assembly has unique characteristics that influence the amount of crud produced.

Since some of the cleaning operations are performed in a pool, the dose rate from the crud on
the baskets or spacers is reduced. Each cask will be handled without SNF in the cask. Each
wruck cask and rail cask in the active fleet cach year is handled at the CMF at least 3 times.
Handling the truck casks and rail casks is assumed to result in the same exposure to personnel.
The dose for each transportation and rail cask handled at the CMF was assumed to be 20 person-
mrem/cask on the average, for all cask handling operations. The estimate is based on cleaning
and maintenance operations on the casks. Table A2-9 summarizes the exposures.

Table A2-9. Reference Scenario Exposures at CMF

Cask type Dose per cask
(person-mremycask)
Truck 20
Rail 20
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A2.6.2 MPC System

Truck casks used for handling bare SNF, and rail casks used for handling MPCs, will be handled
at the MPC system CMF at least three times per year. The dose for each truck cask is higher than

- the rail dose due to the probable need to clean and maintain internal structures of truck casks.

Rail casks and canisters receive only an external cleaning. Each transportation cask and each rail
cask handied at the CMF is assumed to be 20 person-mrem/cask on the average for all cask
handling operations at the CMF. The value was based on the use of pool operations for cleaning
the cask, and other maintenance operations on the cask. Exposures are summarized in Table
A2-10.

Table A2-10. MPC System Exposures at CMF

Cask type Dose per cask
(person-mremy/cask)

Truck 20

Rail 5
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TRANSPORTATION MODE CHARACTERISTICS

These tables support health and safety evaluations of truck, rail, barge, and heavy-haul transport.
Parameters shown with the value "route” receive the a value obtained from HIGHWAY or

INTERLINE.

Table B-1. Truck Transportation

Input Parameter
Population density

Fraction Rural Travel

Fraction Suburban Travel

Fraction Urban Travel

Velocity, rural

Velocity, suburban

Velocity, urban

Crew number

Avg. distance from crew to cask
Number of handlings

Stop time (inspections, meals, etc.)
Minimum stop time

Distance independent rail stop time
Minimum number of rail inspections
People near cask during stops
Average radius to people during stops
Storage time, en route

Number of people nearby during storage
Average distance, storage, cask to people
Number of people per vehicle on road
Urban rush hour travel, fraction
Urban surface street travel, fraction
Rural and suburban routes on freeway

One way rural traffic count

Value
Toute
route
Toute
Toute
97
80
64

2

10

0
.0031

B-3

people/sq.km
decimal
decimal
decimal
km/hr

km/hr

km/hr

meters

hr/km

g

v a— B

2

vehicles/hr



Table B-1. Truck Transportation (continued)

~ One way suburban traffic count 780  vehicles/hr
One way urban traffic count 2800 wvehicles/hr
Accident rates

(reported incidents per million kilometers)

rural .20
suburban 28
urban .36
Probabilities

Accident Severity category Rural Suburban
1 .603 .603
2 39146 39145
3 .00386 .00386
4 001675 .001679
S .000003 .000006
6 .000002 .000005
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Urban
.603

3936
.003399
.00000048
.00000038
00000014



Table B-2. Dedicated Rail Transportation

Cask Type: Rail Cask

' input Parameter

Population density

Fraction Rural Travel

Fraction Suburban Travel

Fraction Urban Travel

Velocity, rural

Vcloci’ty, suburban

Velocity, urban

Crew number, while moving

Average distance from crew to cask
Handlers

Stop time (inspections, meals, etc.)
Minimum stop time

Distance independent rail stop time
Minimum number of rail inspections
People near cask during stops
Average radius to people during stops
Storage time, en route

Number of people nearby during storage
Average distance, storage, cask to people
Number of people per vehicle on road
Urban rush hour travel, fraction
Urban surface street travel, fraction
Rural and suburban routes on freeway
One way rural traffic count

One way suburban traffic count

One way urban traffic count

Value
route people/sq.km
route decimal

route decimal

route decimal
43.4 km/hr
32  kmhr
24 km/hr
45 -

152  meters
0 .

004 hr/km
0 hr
275 hr

0 .

fixed - suburban population density
fixed - 800 m

0 hr

0 -

0 m

3 -

0 -

0 -

0 -

1 vehicles/hr
5 vehicles/hr
5 vehicles/hr
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Table B-2. Dedicated Rail Transportation (continued)

Cask Type: Rail Cask

~ Accident rates
(reported incidents per million kilometers)
rural 1.6

suburban 1.7
urban 3.4

Probabilities
Accident Severity category Rural Suburban
1 .602 .602
2 35142 39162
3 00453 .00522
4 .00125 .001139
5 .00059 000016
6 .00021 .000005

B-6

.3948
000199
.00000048
.00000038
.00000014



S’

Table B-3. Barge Transportation

Cask type: Large Rail cask

" Input Parameter

Population density

Fraction Rural Travel

Fraction Suburban Travel

Fraction Urban Travel

Vzlocity, rural

Velocity, suburban

Vcloc{ty, urban

Crew number

Avg. distance from crew to casks
Handlers

Stop time (inspections, meals, etc.)
Minimurmn stop time

Load time for 3 casks

Minimum number rail inspections
People near during loading

Average radius to people, load & unload
Time to unload 3 casks from barge
Number of people during unloading
Avg. distance to people during unloading
Number of people per nearby barge/boat
Rush hour travel, fraction

Urban surface street travel, fraction

One way rural traffic count

One way suburban traffic count

One way urban traffic count

Value

route
route
Toute
Toute
11
8.1
3.2

5

H
(o))

O = O O O W O O O - 0 0O 0 O o ©o

people/sq.km
decimal
decimal
decimal
km/hr

km/hr

km/hr

(3 persons/tugboat + 2 barge handlers)
meters
hr/km

hr

hr

g B

3

vehicles/hr
vehicles/hr
vehicles/hr



Table B-3. Barge Transportation (continued)
Cask type: Large Rail cask

' Accident rates

(reported incidents per million kilometers)

rural 3.82
suburban 4.24
urban 4.56
Probabilities
Accident Severity categorv Rural Suburban Urban
1 .604 .604 .604
2 .39596 .39595 .3956
3 000037 .000047 .0003997
4 .000001 .000001 .0000001
5 .000001 .000001 .0000001
6 .000001 .000001 .0000001




Table B-4. Heavy-Haul Truck Transportation

Cask type: Large Rail

Input Parameter
Population density

Fraction Rural Travel

Value

route people/sq.km

route decimal

Fraction Suburban Travel route decimal
Fraction Urban Travel route decimal
Velocity, rural 16 km/hr
Velocity, suburban 8 km/hr
Velocity, urban 3 km/hr
Crew number, while moving 3 -

Average distance from crew to cask 25 meters
Handlers 0 -

Stop time (inspections, meals, etc.) 0 hr/km
Minimum stop time 0 hr

Start and afloat time 0 hr
Minimum number rail inspections 0 -

People near stopped unit, en route 0 -

Avg radius to people during stops €n route 1 m

Time for cask afloat 0 hr
Number of people during afloat 0 -

Avg. distance to people, during afloat 0 m

Number of people per on-link vehicle 1.2 -

Rush hour travel, fraction 0 -

Urban surface street travel, fraction 0 -

Freeway fraction 1 -

One way rural traffic count 2 vehicles/hr
One way suburban traffic count 4 vehicles/hr
One way urban traffic count 6 vehicles/hr



Table B-4. Heavy-Haul Truck Transportation (continued)

Cask type: Large Rail

Accident rates

(reported incidents per million kilometers)

rural 35
suburban .003
urban .003
Probabilities
Accident Severity category Rural Suburban ~ Urban
1 .604 604 604
2 .39599 .39599 .395999
3 .0000097 .0000097 00000097
4 .0000001 .0000001 .00000001
5 .0000001 .0000001 .00000001
6 .0000001 .0000001 .00000001
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ISOTOPES LIST

This isotopes list was prepared from the "Characteristics Data Base” computer files dated June
" 23, 1993. The spent fuel characteristics assumed are a PWR assembly with an initial enrichment
of 3.75 weight percent, a burnup of 40,000 MWD/MTIHM, and an age (decay) of 10 years after

discharge from a reactor.

Isotope curies/MTIHM
H-3 517
Co-60 2,550
Kr-85 5,670
Sr-90 68,500
Ru-106 1,140
Sb-125 1,460
Cs-134 7,400
Cs-137 191,000
Pm-147 9,160
Eu-154 5,670
Eu-155 2,110
Pu-238 4,180
Pu-240 580
Pu-241 95,300
Am-241 2,140
Cm-244 281
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MGDS HEALTH AND SAFETY IMPACTS

D.1 METHOD

Expert knowledge and experience data were tailored and applied for the estimation of health and
safety impacts at Yucca Mountain, NV. The criteria used in selecting the specific routine and
incident impacts for evaluation were the impact types (plausibility), probability, potential severity,
radiological release, consequences, and mitigation.

Screening of potential incidents used the data, procedures, and results from Reference 66. The
largest off-site dose was calculated to be 220 mrem, which was less than the 500 mrem value
used to define items important to safety in i0 CFR 60. Uncertainties however, warrant further
clarification as design details are established.

External events that can initiate accidents were identified and screened into several groups: 1)
external events, 2) foresecable conditions or stresses with impact considered within the "design-
basis,” 3) events not applicable or not credible, 4) events without significant radiological or
injuries/fatalities consequences, and 5) events beyond the scope of this docuraent. A brief list of
major items follows in Table D-1.

Table D-1. Incidents List

External Events:
Earthquakes, sandstorm, high wind, surface flooding, loss of off-site power,

undetected geologic features (joints)

Design Basis Conditions
Thermal loading

Waste and rock interaction
Rock deformation '
Geochemical alteration

Events Beyond Scope

Orogenic diastrophism (mountain building)

Military accidents (such as aircraft impacts near Nellis AFL, NV)
Sabotage (employee or terrorist)

Events Not Applicable to Yucca Mountain, NV_or Not Credible
(probability of event less than 10 in the operational phase of the program)
volcanic activity

commercial aircraft crash

hurricanes

forest fires

inadvertent intrusion by pecple

meteorite impact
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In a similar manner, the minternal” accident events triggered by on-site people, equipment, or
procedures were screened. External initiating events such as earthquakes can combine with
internal imitating events or conditions in a way that increases the probability of an event. The

_ results of the evaluation are in Table D-2.

Table D-2. Results of Screening Evaluation

Events Selectedl for Consideration
Drift collapse (earthquake)
Transporter slice

Transporter runaway (uncontrolied)
Transporter collision

Container failure (design-basis)
Container grapple or hoist failure

Events Combined with Other Initiating Events

Transporter collision with structures, stationary objects, or moving objects were

combined as “transporter collision”

All modes of container damage during emplacement or removal of containers were

combined as “container failure”

Events that were Not Credible (less than 10 probability of occurrence)

Explosion caused by volatile gases in the underground or surface facility
Collision of waste transporter and explosive truck

Events with Insignificant Radiological Consequences

Failure of lifting system on transporter or in facilities during lift
Explosion or fire at diesel refueling stations

Fire resulting from used oil collection process

Explosion resulting from pressurized gases in welding shops
Mechanical failure of containment system for contaminated water
Accidents due to use of explosives

Rupture of fuel pipes

Rupture of water pipes

Rockfall resulting from structural stress relaxation in drifts and tunnels.

Evaluation of specific impacts and consequences are described in the following section
appendix.

D.2 MGDS SURFACE FACILITIES

D.2.1 On-Site

D.2.1.1 Construction

s of the

Health and safety impacts during surface facility construction were not evaluated for this document.
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D.2.1.2 Operation

During surface site operation, casks will be received, stored temporarily, prepared for
emplacement, moved by on-site heavy-haul, and emplaced. Both SNF and HLW may be handled.

' Operztions on individual casks for repackaging, inspection, and other purposes may take place.

After cask emplacements cease, a period of monitoring of casks in the underground site will
continue, followed by closing of the site. Administrative surface facilities, including security
operations, will be on-site. Authorized visitors will be present from time to time. Rough order
of magnitude estimates of the exposures for handling, HLW, underground transportation and
positioning of waste packages, retrieval inspection, monitoring, and visitors were included in the
estimates of overall program routine exposures for completeness. Omission of estimated values
of incompletely defined operations was considered to result in a 100 % unconservative error and
an appearance that the risks were not recognized, whereas a rough order of magnitude estimate
would indicate recognition of risks which can be accurately estimated when better data permit.

D.2.1.2.1 Radiological Impacts During Operational Phase, Only
D.2.1.2.1.1 Routine

D.2.1.2.1.1.1 Occupational

Exposure doses per operation Were based on MRS data. The total exposures were the product
of the exposure per operation multiplied by the logistics data. The logistics data describe the
numbers of casks and fuel assemblies handled at the MGDS. The main influence of the presence
of an MRS in the system was that large rail casks were received in place of truck casks. HLW
casks were assumed to be handled like truck casks, since truck casks may have 4 fuel assemblies
and the received HLW casks were expected to contain 5 vitrified waste logs. However, since
the Characteristics Data Base showed an inventory radiation flux average for HLW of about one
third of the flux from design basis SNF, the HLW waste routine occupational doses vere scaled
down to one third of the doses for handling a similar number of truck casks of SNF.

Emplacement transportation surface movement and underground exposure doses were estimated
as roughly 0.0001 person-rem per waste package, assuming 2 highly automated system and
without an approved baseline waste package design, nor an approved on-site transportation
method. Use of thin wall metal containers can result in strong local radiation fields, Reference
65, which would potentially warrant considerable automation of the surface and underground
transportation. The RADTRAN 4 transportation exposures code was inappropriate for estimation
of exposures during underground movement since the absorption and reflection of radiation in
tunnels with rock walls are not contained in that code.

D.2.1.2.1.12 Visitors

Authorized on-site visitors were assumed to arrive via the facility security and outreach programs.
VIP visitors were assumed to be provided focused tour routes and procedures for topics of
interest. Outreach programs may offer conducted tours for selected groups. General tourist
access was assumed to be limited to a "visitor center” and security post at a public gate. The
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vehicle entry gates, (truck or railroad gates), were assumed to be at least 1 km from occupational
personnel and public access gates.

~ Doses were estimated as less than 10 mrern/hr at 2 meters from each cask per NRC requirements.

Estimating with a 1/ law for radiation dose attenuation with distance, and a linear source for
conservatism, leads to less than 0.1 mremvhr at 200 meters and less than 0.0 mrem/hr at 2 km
from exposed casks.

The following examples were offered. The general visitors were assumed to receive less than 1
mrem per person (equivalent to an exposure during a jet aircraft trip of 2500 miles), assuming
one 6-hour visit per person. General visitor totals were assumed as 1000 people per year, and
thus these people receive in total less than 1 person-rem/year. Very Important People (VIP)
visitors can be offered tours with exposures equivalent roughly to a "medical chest x-ray" (50
mrem) or somewhat less. Doses to 250 VIPs per year could total to 12.5 person-rem. The total
dose for visitors was (1 + 12.5) x 40 = 540 person-rem during the forty-year program.

D.2.1.2.1.2 Nonroutine (Incidents)

Screening of initiating incidents was described previously. The largest plausible release was
associated with an earthquake induced common mode failure of facility lifting equipment,
structures, and radiation alarm and ventilation systems. The combined events probability was
estimated as less than 5 x 107 for a potential dose of 100 mrem; (based on Table 8-1 of the
reference report). HLW handling incidents were considered to be essentially incapable of
radioactive gases releases or comparable releases that are the main potential components of
exposures following SNF incidents. Thus the HLW incident release doses were estimated to be
negligible, and not shown in the report.

These values were compared to the 10 CFR 100.11 sitting criteria (NRC) maximum permissible
exposure of 25 rem for accidents ™. . . of exceedingly low probability of occurrence and low risk
_.." or total dose to the public under special circumstances (DOE order 5400.5) of 500 mrem/yr
if the average dose is less than 100 mrem/year.

D.2.1.2.2 Non-Radiological Impacts

The occupational irnpacts were influenced by the location of the MGDS in desert terrain.
Occupational activities during operation are repetitive, and at a steady level of effort. There were
no identified significant routine or nonroutine impacts to the public, including on-site authorized
visitors.

D.2.1.22.1 Occupational Routine and Nonroutine (Incidents)

The occupational impact factors included: noise, dust (mineral and organic), repetitive
motion/impact, "traffic" accidents, and frequent large-object handling. Reported accidents were
assumed to be typical of nuclear power industry experience, involving human errors in use of
tools, etc., and thus estimated on the basis of nuclear power industry injuries and hours lost per
million hours worked. Using the industry data, the impacts were estimated as follows.
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Ri = accident frequency rate 3.85 per million person-hours worked, in 1992. This rate was
reduced by nuclear industry safety programs from 10.5 per million in 1980.

P =personnel work hours for program (assume 500 people, 40 hr/week, 52 weeks/yr, 40 years)
= 41.6 million manhours.

Losses = Ri*P implies 160 reportable accidents, conceivably including a fatality, during the
operational program.

D.2.2 Public Off-Site Impacts

D.22.1 Non-Radiological Impacts

There were no identifiable non-radiological off-site impacts to the public caused by the facility.
Impacts connected with transportation were dealt with in that section of the document. Dust,
debris, noise and other regulated phenomena that may be generated on the site will be controlled
to levels less than permitted by the specifications at the facility perimeters.

D.2.2.2 Radiological Impacts During Operational Phase Only

At the perimeter the maximum emissions and airborne releases to any member of the public was
estimated at less than the 10 mrem/year of airborne release permitted by DOE Order 5400.5 and
40 CFR 61.92 (EPA).

For an illustrative estimate: at the primary surface road vehicle gates the estimated rate was less
than 0.01 mrem, and for an estimated four vehicles gate-visitors/day, 30 minutes each vehicle:
the estimated annual dose would be less than 0.730 person rem/year [less than 10 mrem/hr at 2
meters (per NRC requirements) and use a i/r? law for radiation dose diiution with distance, 2 1
x 10° mrem/hr at 200 meters and 1 x 10°° mrem/hr at 2 km]. The annual dose would be less

than 0.1 per year.

Off-site radiological exposures can only occur following radiological release within the above-
ground or underground components of the facility. The probability and severity of such events
are described in the on-site radiological incident section. As at nuclear power sites, human error
and equipment failure-induced punctures of casks could conceivably permit radioactive gas
dispersal off-site extremely diluted. Earthquakes can conceivably induce emissions that reach off-
site locations as extremely dilute radioactive gases.

The most plausible release was associated with an earthquake that induced common mode failure
of on-site facility lifting equipment, structures, and radiation alarms and ventilation systems. The
combined events probability was estimated at 5 x 10° 7 for a potential dose of 100 mrem (based
on Table 8-1 of the Reference 66). Table 8-1 of the Reference provided the estimated
probabilities and doses for several scenarios, on the access ramps and in the underground sections
of the MGDS. Notably the highest probability was 10 5, for about 100 mrem.



These values were compared to the 10 CFR 100.11 sitting criteria (NRC) maximum permissible

exposure of 25 rem for accidents “. . . of exceedingly low probability of occurrence and low risk

....™ or total dose to the public under special circumstances (DOE order 5400.5) of 500 mrem/yr
if the average dose is less than 100 mrem/year.

D.3 MGDS UNDERGROUND

Impacts underground were estimated for operations after the initial waste emplacement capability
was established. Impacts during site preparation, before the first operational emplacements of
waste packages, were not considered. Activities conducted underground consisted of continued
excavation, emplacement of waste packages, monitoring, backfilling, closure, and the extraction
freturn of waste packages.

D.3.1° Construction Influence on Operational Safety

Construction (excavation, mapping, and reinforcement) may continue through the life of the
facility. Risks were involved in the excavation, installation of structural reinforcement such as
rock-bolts and mesh, and during backfilling. Rockfall risks decline rapidly to a steady low rate
after the initial excavation at the rock-face, and following structural reinforcement installation at
each newly opened section of the works. Continuous monitoring of the ceiling structures by
commercially available local rock movement mechanical indicators was assumed to detect and
remedy any previously undetected weak. positions.

Deformable structural linings in fully lined tunnels will prevent rockfall, except in earthquakes
that cause severe collapse of the short sections of the tunnels. Structural reinforcement (lining)
with rock-bolts and mesh reinforcement exhibited a largest size of rockfall that was defined by
the greatest size ceiling rock pyramid possible between the rock-bolts. Probability of a rockfall
happening will depend on the local rock quality index (spacing between iracture lines), method
of construction, span of the tunnel, time since excavation of the section, and factors such as
earthquakes. The cumulative probability of a rockfall increased with tunnel length, if all other
factors remained fixed.

Well designed and installed reinforcement mesh attached to the tunnel walls can reduce the
severity of rockfalls if the loose rock fragments exceed the mesh size, and if the total weight of
the rockfall is below the rip-out capacity of the mesh attachments to the tunnel rock roof and
walls. Weak rock areas will be mapped and reinforced. Undetected weaknesses are a plausible
risk, and can be minimized by advance inspection technologies, up to levels triggered only by
major seismic disturbances.

Thermally induced stresses during heat-up can increase the probability of exfoliation-shooting and
slabbing. Further, interior cooling of the tunnel drifts can induce rockfall, by reducing clamping
forces, especially after stress rheological relaxation flow movement of the tff.

Statistics from comparable underground facilities were the best basis of meaningful estimates of

the frequency and severity of rockfalls. The only known comparable facility is at the National
Test Site (NTS). Tunnel sections constructed by tunnel boring machines are most pertinent.
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pertinent. Drill-and-blast excavation experience would be very conservative, overestimating the
impacts, since the blasting degrades the rock integrity for several meters into the remaining rock
wall and roof structure. In contrast, tunnel boring machines damage the rock walls and ceiling
only to a thickness (depth) of a few centimeters. There is a high probability of small fragments,
up to the size promoted by the depth of damage created by the excavation process, and almost
zero probability of fragments larger than the tunnel width.

The factor Ri, the fatal accident frequency rate in conventional metal and nonmetal mines, was
reportedly 3 per 10,000 person-hours worked, to the year 1993. Scaling for the smaller working
face per worker at the MGDS, compared to mineral extraction mines, provides an exposure factor
of about 0.001. Thus P = personnel work hours for the program (assume S0 people underground
in potentially hazardous operations, 40 hr/week, 52 weeks/yr, 40 years) = 4.2 million manhours.
Losses = Ri*P implies less than one fatal accident, during the operational phases of the program.
Reference 71 described the comparative safety records of two tunnels, one driven by tunnel
boring machine and the other by conventional drill and blast methods, in the same geology at a
single site, about 1965. The lost time accidents per 10,000 feet tunneled was 28 man-days for
the machine, and 525 man-days for the conventional method. This is a safety advantage of
525/28, or about 20 times.

D32 Radiological Exposures

Significant exposures are expected during transportation of waste packages to and from the
positions in the drifts, orientation placement of each package at its assigned location, and for
periodic inspections during the operational period of the MGDS. Each emplacement trip,
including a simple in-drift placement, was estimated to provide roughly the same person-mrem.
Monitoring of in-situ casks was estimated at one person-mrem per cask per year. These were
combined with throughput data to obtain the program life-cycle doses listed in the report. There
were no (zero) identified plausible radiological incident releases projected, short of a catastrophic

carthquake.

The estimates are based on comparable activities at the utilities and MRS for on-site
transportation and dry storage. Estimates are still uncertain because the final designs of the
transporter, its shielding, and robotic support (if any) have not yet been selected. Thus the
estimates shown in the primary section of the report are rough order of magnitude in accuracy.
Clarification will be needed as the designs and procedures are refined.
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Executive Summary

This report compares the economic and radiation dose impacts of robotic handling
methods to those of manual handling methods for closing and welding Multi-Purpose
Canisters (MPC). It describes the graphical simulation techniques used to develop and
support assumptions for the economic analysis, including the creation and operation of the
animated workcell depicting MPC closure operations at a commercial reactor site. This
work furthier describes and atilizes the economic analysis methods recommended by the
U.S. Government Office of Management and Budget. The economic analysis uses
assumptions based on manual operations defined by TRW Eavironmental Safety Systems,

- and robotic operations based on MPC closure simulation. which is in turn validated for

robotic equipment in use at Sandia National Laboratories. This report presents the cost and
benefit resnlts of the analysis, comparing use of robotic machinery to traditiona! manual
methods in the MPC closure operations.

The results of this analysis present compelling case for choosing the robotic method over
the baseline manual methods for specific MPC closure and welding operations. The use of
robots to execute these operations offers a unique win-win opportunity, simuitaneously
saving 1538 person-rem and $52 Million over a 13-year operational pedod, including
developmental cOSts, a8 compared to the manual method. Payback is achieved within 26
months of start of operations.

This savings can be accomplished with the potential to more than double the manual
through-put rates, matching the manual rates at a minimum. Further, additional MPC
operations may be possible using the robotic machinery and controls, and the operational
ﬁft:ltime may be significantly extended, reducing additional radiation dose, through-put time
and costs.

Pursuit of the robotic method holds low risk from the economic and technical standpoint.
Most of the operations have been demonstrated individually, simulations indicate high-
success probability, and the potential savings of $52 Million is significant. Even should
the entire $52 Million be used to cover cost increases, Cost of additional units and
demonstration work, essentially free person-rem savings would remain “reasonable” from
the ALARA standpoint.

Therefore, if no preferable alternative is found, robotic closure and welding operations
should be pursued and demonstrated for application at commercial reactor sites, as well as
any other sites where MPCs are loaded. .

MPC Robotic Welding: Simulation v A
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MPC Robotic Welding: Simulation and Benefit-Cost Analysis Report
1.0 Introduction

This work is sponsored by the U. S. Department of Energy (DOE) and TRW
Environmental Safety Systems (TESS), the DOE Management and Operating contractor
for the Civilian Radioactive Waste Management System (CRWMS). The purpose of this
report is to provide decision information to determine whether robotic methods are a vizble
option to reduce radiation exposure during Multi-Purpose Canister (MPC) closure and
welding operations. The MPC is a sealed metallic canister intended for storage,
transportation and disposal of spent nuclear fuel (SNF) assemblies throughout the
CRWMS. MPCs are sealed to provide a dry, inert environmeat for SNF and are over-
packed separately and uniquely for the various system elements of storage, transportation,
and geologic disposal. Closure of the MPCs results in a significant dose to personnel
using traditional manual means, and alternate methods are desirable. Robotic manipulators
offer a means of completing the closure operations without the presence of radiation
workers, and an opportunity to reduce radiation doses for each robotic operation by up to
88%. Therefore, information regarding technical feasibility, operational speed, dose
savings and cost are needed to compare potential robotic MPC operations to manual
counterparts, and determine whether to pursue robotic application.

4 . '\\.
) Hancling
W'Dose Reduction "
.7 Decision

Robotic Hardware Integration And Demonstraticn

~ ..

P

Figure 1.1 MPC closure and welding method decision process.

Figure 1.1 illustrates the steps needed to support the decision process. The first step isa
comparison of costs and benefits for each radiation reduction method proposed.
Underlying the cost/benefit analysis of each method are the assumptions, including dose
rates, labor costs, capital costs, throu gh-put rates, etc. :

This effort seeks to support the assumptions used for robotic operations by adding the two
elements in the lower part of the pyramid in Figure 1.1. Graphical animated simulation is

extensively used at Sandia National Laboratories (SNL) as a part of general robot control
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systems. Thatis, graphical models of the robot and its environment are generated and used
for both preview and real-time control of robot motions. For this reason, all graphical
models of the robots in use at SNL have been validated. Further, many of the closure
operations required for the MPC have been demonstrated at SNL using robots with the
graphical programming capability. Thus, confidence in robotic assumptions for the
cost/benefit analysis is high.

This report compares the economic and radiation dose impacts of robotic handling
methods to those of manual handling methods for closing and welding Multi-Purpose
Canisters (MPC). It describes the graphical simulation techniques used to develop and
support assumptions for the economic analysis, including the creation and operation of the
animated workcell depicting MPC closure operations at 2 commercial reactor site. This
report further describes the economic analysis methods used, inputs to the economic
analysis, and presents the costs and benefits of using robetic machinery in lieu of
traditional manual methods in the MPC closure operations.

Robotic handling cost estimates are based upon graphical simulations of a workeell in
generic fuel handing building at a commercial nuclear reactor site. The simulation uses
software which accurately models the dimensional and kinematic characteristics of the
robots, facility, casks, and ancillary equipment. The simulation identifies operations that
can be automated with robotic machinery, examine how those operations can be executed
automatically, identify equipment requirements and operational characteristics for the
automation, and determine potential process times for each automated operation.
Equipment cost is estimated based on identified requirements.

Manual handling cost estimates are based on process timing, dose rates, labor rates and
crew size information provided by TESSH10. Minimum crew size per shift for each
workeell is estimated at 3, plus one QA welder for all shifts. Additional crews may be
rotated in to avoid exceeding radiation dose limits. Labor costs are then calculated,
representing the majority of the manual handling cost.

Economic analysis methods recommended by the U.S. Government Office of
Management and Budget are applied to the resulting investment and operating cost
estimates to determine lifetime COSs. The economic analysis uses assumptions based on
manual operations from TESS described above, and robotic operations based on the MPC
closure simulation, which is in turn validated for robotic equipment in use at SNL. Cost

and benefit results of the analysis, comparing use of robotic machinery to traditional
manual methods in the MPC closure operations are presented and .discussed.

2.0 Simulation Description

Modeling and simulation are executed using IGRIP software from Deneb Robotics, Inc.,
on SiliconGraphics workstations. IGRIP is used to accurately model the dimensional and
kinematic characteristics of the robots, facility, casks, and ancillary equipment. Embedded
into this modeling is a high degree of component detail with programmable machine
parameters {0 match most commercially available robotic systems. This accuracy, together
with previous validation of the IGRIP modeling environment and its integration into real-
time control of SNL industrial robot systemsZ, leads to high-confidence estimates of the
through-put of the workeell.
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The MPC welding venue chosen for simulation is a generic fuel handling building with a
decontamination pit near the fuel storage pool (Figure 2.1). A decontamination pit places
the top of the MPC near the floor. This allows robotic equipmeat and tooling to be
mounted near the floor, reducing potential safety hazards and facilitating service and
maintenance. Other mounting schemes may be required for those utilities without

decontamination pits or with conditions otherwise preventing floor mounting.

A robot is mounted on a mounting plate at the side of the pit, and rotated on the plate into
position above the MPC after the MPC has been placed in the pit by the facility crane. The
mounting plate footprint is approximately 6 x 6 feet. The robot chosen for this simulation
is a Staubli Unimation NEATER 762 robot (Figure 2.2). Based upon the Unimation
PUMA 762 industrial robot, the NEATER robot has been engineered for radiation
tolerance up to 108 Rads. This is suff:cient to survive a continuous field of 200 Rads per
hour for 57 years, which eliminates most reliability concems related to radiation exposure.
Though it is not yet clear whether specific radiation hardening is required, this level was
assumed to be sufficient for the lifetime dose imparted by the MPC operatinns, and offers
the option of trading the industrial machine for the commercially available and
kinematically similar radiation tolerant machine.

Figure 2.1 Simulated generic fuel handling building with decontamination pit
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The NEATER 762 has 2 20 kg load capacity at full extension, with sufficient work volume
(verified by simulation) to cover the MPC head area for both inner and outer lid welding
when positioned over the MPC. A similar robot has been used by AEA Technologies
Winfrith to weld intermediate level waste drums closed using a synergic pulsed Metal Inert
Gas MIG) process3. Figure 2.3 shows the simulated NEATER robot in position for
MPC closure and welding operations.

To further assure technical feasibility, available technologies, hardware and software are
assumed. In particular the SMART contrc! 2pproach, and sensors including capacitive
seam tracking and distance measurement, force/torque sensors and machine vision are
assumed. _

Sequential Modular Control Architecture for Robotics and Teleoperation. of SMART, is a
real-time distributed, modular conirol architzcture based on passive network theory thai
guarantees stability as control modules are added or removed?. SMART allows for control
strategies to be changed through software or even during operation of a robot through
supervisory control. In the MPC case, SMART would allow the welding operator to "take
over" from autonomous operations as needed. It also permits use of sensor input for path
adjustment such as arc volcage, distance and obstacle detection, and contact forces.
SMART modules for robots, sensors, path planners, feed-back mechanisms and graphical
control schemes can and have been built and assembled into working control systems.
SMART has been implemented and demonstrated to TESS representatives on 2 PUMA
760 series robot at SNL. This demonstration included program execution of part of the
simulation described in this report.

Capacitive sensing is assumed for both seam tracking and path compensation due to
warpage. The sensors produce an electric field between appropriately spaced electrodes.
These fields are perturbed by the workpiece, resulting in capacitance changes which can be
interpreted and utilized for motion control purposes. Several versions of sensors exist.
One is used to determine lateral and forward distances to an object. Another is used as 2
robot "skin," detecting obstacles and preventing collisions. The third, a Multi-Axis Seam
Tracking (MAST) sensor, has been designed and successfully applied to manufacture
Delta rocket booster engines at RocketdyneS. The engines consist of hundreds of
specially-shaped tubes brazed together to form a solid assembly. A robot arm scans the
surface of the nozzle with a MAST sensor, Jetermines the position and orientation of tubes
and seams, and automatically generates paths for braze paste dispensing.

Force/torque sensing and control is assumed for all contact operations. Standard position
control relies on the robot moving to a calculated position in space. If that position is
intended to be on an object surface, any error in calculation or in robot performance may
result in either undesirable force build-up or no contact at all. Therefore, force sensors are
used to detect forces and adjust forces applied when robots are operating in contact with
objects. Force control is used industrially for grinding and deburring operationsﬁ. Force
control is used extensively at SNL in all robots requiring contact operations on workpieces.
Examples of SNL-demonstrated operations where force control is used are nuclear fuel
transportation cask swipe surveys and bolting operations’, grinding, deburring, pipe
cutting, and part assembly and disassembly.
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Machine vision is assumed for fast orientation of the robotic equipment to the MPC and
lids. Since the robot will be removed from its operating position when lids are installed
and then repositioned over the MPC, a means of calibrating the robot movements to the
position of the MPC and its components is needed. Machine vision finds three points on

the MPC, defining its position and orientation relative to the robot. Each point can be
determined in approximately 30 seconds.

Two examples of machine vision use at SNL include spent nuclear fuel transport cask
handling and part deburring demonstrations. In an RW-sponsored demonstration, an
SNL gantry robot using machine vision located a 1/2 scale transport cask in its workcell
with an accuracy of approximately 04 inches8. This enabled the subsequent operations of
cask inspection, radiation surveys, contamination swiping in contact with the cask, impact
limiter removal, tie-down removal and uprighting. Ina separate manufacturing
demonstration, 4 crown-shaped part was located and orienied to an ADEPT robot, which
then generated a path based on a part CAD model, and used 2 grinder with force feed-back

to remove burrs from the teeth of the crown?®.

Table 2.1 lists the operations carried out in the simulation by the robot, together with the
time required forexecution of each operation and a manual comparison from Reference 1.
Since 100% velocity may be unacceptable for safety reasons, Table 2.1 includes execution
time for the robot moving at 25% of full speed. This combination brackets the range of
likely allowable speeds at a reactor site. In each case, itis assumed that no human presence
is required in the proximity of the MPC. o

Note that Table 2.1 only includes operations expected to be performed by 2 robot. Other
time consuming operations, such as cask loading, unloading, MPC fuel loading, MPC
decontaraination and MPC lid fit-up are not included. See reference (1) for a complete
listing.

The right-column entries in Table 2.1 indicate expected manual operation times provided in
(1). Some manual operations, such as repetitions of the NDE processes, were not included
in (1). Positioning the robot and locating the MPC are roughly the equivalent of installing
the current remote welding device. A significant difference in expected time is in the inner
and outer lid welding. While manual operations are expected to take approximately 1000
minutes per weld, robot execution, programmed to move identically to the current welding
machine at 8 inches per minute during welding, appears 0 require only about 385 minutes.
Several factors influence this difference.

First, the 1000 minute estimate is based on current operations of an Indcpcndcn't Spent
Fuel Storage Installation (ISFST) at Duke Power's Oconee Station. The ISFSI canister
design includes 2 key way at the side of the canister to accommodate draining and venting
ports, resulting in 2 deviation of the weld from a circular path. Because of the corners thus
generated, and the inability of the current remote welding machine to adequately weld these
cormers, time-consuming manual welding is required in the comners. By contrast, the
design has a circular weld path, and the robot manipulator, though capable of key way
deviations, is not required to deviate from the circular path.
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Table 2.1
Simulated MPC Closure and Welding Operations:
Execution Times and Manual Comparison

100% speed 25% speed Manual Speed
Task Time (m) | Task Time (m) | Task Time (m)
1| Install welder 45
2| Robot positioning 023 0.23
3| Locate MPC 0.5 0.5
4|Inner lid weld 382.1 387.0 1000
s| Tack weld innner lid 55 6.1
6| Drain/dry connection operation 1.5 23 2
Inner lid weld NDE inspection 30
‘i1 Ianer lid dye application 4.4 46
8! Innerlid dye removal 2.3 26
9| Inner lid powder application 1.9 2.0
101 Inner lid camera inspection 1.9 20
11 |Inner lid helium leak check 5.7 6.0 20
12] Port cover welding 31.5 315 90
13| Port cover installation 0.91 1.6
Port weld NDE inspection
141 Port cover dye application 38 44
15| Port cover dye removal 69 12
16 Port cover powder application 3.8 41
171 Port cover visual inspection 0.3 0.5
18| Port cover helium leak detection 95 10.0
19]Locate MPC (install welder) 0.5 0.5 45
20| Outer lid weld 382.1 3870 1000
21} Tack weld outer 1id 54 6.1
Outer lid weld NDE inspection
22| Outer lid dye application 2.33 2.8 30
23| Outer lid dye removal 4.46 47
24| Outer lid powder application 2.28 25
25| Outer lid camera inspection 1.87 20
26| Outer lid helium leak detection 5.61 59
27} Operations complete (remove weld equipment) 0.19 03 20
Elapsed Time 867 885 2282

Secondly, finish grinding is apparently required prior to NDE testing, and may have been
included in the welding time estimate. Finish grinding was not given in Reference @)
specifically, and was not identified as a normal operation for simulation. However,
grinding was included as an off-normal event in the simulation. Adding a single grinding
pass at the weld speed of 8 inches per minute would add approximately 24 minutes for

each weld.

Third, weld tip cleaning is not included in the weld iiming analysis, and will increase the
simulated timing. It is not clear at this writing how much the frequency or duration of the
cleaning process will impact the operational timing, but discussions with welding
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equipment vendors are continuing. Additional verification should be made that all
necessary welding parameters and subtasks have been addressed. Fourth, the automatic
sensors and controls assumed for the robotic system will minimize welding delays.

Finally, even if 1000 minutes is substituted for the 385 minute robotic simulation welding
time, the total robotic process time becomes approximately equal to the manual estimate.
Figure 2.4 illustrates the inner lid welding in the simulation.

Figure 2.4 Simulation of inner MPC lid welding operation

Drain/dry connection operations include both making and breaking port connections, but
does not include the draining, vacuum drying and backfilling operational times for either
handling method.

Significant discrepancies between manual and robotic operation time here may be due to
equipment design concept differences. For the draining, drying and backfilling process, a
quick-release connection mechanism was simulated based on a SNL design and
demonstrated in the Cask Head Project8. Shown in Figure 2.5, a sleeve containing the
female portion of a quick-release valve with ball detents is inserted into the port hole and
connected with a simple pushing motion. Release is accomplished by a linear pulling
motion. The sleeve has a diamond-shaped pintle attached to the top that is gripped by a
specialized diamond gripper commonly used at SNL. A similar pintle was assumed to be
attached to the port covers for gripping and placement over the drain and drying ports using
the same diamond gripper.
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These quick-release mechanisms are cheaper and simpler to use than valves requiring first
a physical connection then a valve opening procedure. If the latter valves are used the
execution time for this step will rise and tooling complexity increase, possibly quadrupling
the cost of this tool.

| Figure 2.5 Drain/dry port coection operation.

Draining and drying is accomplished in concept by pressurizing the gas port, forcing water
through the drain pipe at the MPC bottom up through the drain port and out of the MPC.
After the water is removed, any residual water is boiled away using a vacuum process
through the same drain and drying ports. Helium is then backfilled into the MPC,
providing an inert atmosphere inhibiting corrosion and assisting in heat transfer and leak
detection functions.

Upon completion of the draining/drying/backfilling process, the ports are welded closed.
First, port covers are emplaced over each of the two ports using the gripper described
above. Then the welding rig is brought in to weld the covers in place and provide the
primary seal over the valves. All welds are then inspected as described below.

As discussed above, a finish grinding operation may take place after the welds are
complete. Though not included in the timing analysis, the approximate time for each weld
may be found by dividing the weld circumference by the grinding speed, and adding one
minute for tool changes. Grinding speed has been assumed to be equal to the welding
speed of 8 inches/minute.

Current weld non-destructive evaluation (NDE) inspection practice at Duke Power
Company's Independent Spent Fuel Storage Installation (ISFSI) at the Oconee plant is a
three-step dye penetrant test. The test requires the application of dye, removal of excess
dye, and the application of a developer. Three separate tools were simulated to execute
these tests. The first is a dye applicator that either sprays or brushes dye onto the weld
surface. The second is a dryer that blows air across the surface toward a vacuum
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attachment on the other side. The third tool is a powder applicator blowing a low-velocity
developer powder aerosol onto the weld surface. It is recognized that use of pressurized
sprays may not be ideal for the dye penetrant pracess, as pressure may inadvertently force
penetrant from the very cracks and crevasses being sought. However, tooling may be
designed to overcome this difficulty such as sponge daubers and low-velocity vacuuming
with little anticipated cost difference.

After the welds are inspected and the MPC has been drained, dried and backfilled with
helium, a helium leak check is performed to assure hermetic sealing. The helium leak
check uses a sniffer wand attached to a mass spectrometer tuned for helium. A sniffer
tool, based on a hand-held device, was simulated for this operation. The robot passed the
sniffer once over each of the main and port welds at a speed of 0.5 inches/sec.

" When inner lid operauons are complete, the robot retracts for emplacement and fit-up of

the outer lid using the facility crane. The welding and inspection operations described
above are then essentially repeated for the cuter lid.

One additional set of operations for off-normal weld conditions is simulated. If a bad weld
area is detected, the simulation stops, indicates to the operator where the detected flaws
were, and asks the operator whether the flaws should be repaired. If the answer is yes, the
robot retrieves a grinder and executes the material removal process in the indicated area.
Once sufficient material is removed, the weld head applies repair metal, and the NDE
process is repeated for the affected areas. Due to rare occurrence and variation in operator
choices for this off-normal sequence, timing analysis does not include these operations.

Table 2.2 lists the equipment and associated estimated costs necessary to execute the
closure and welding operations rcbotically as described above, based on SNL experience.

Supervisory control systems represent those systems that coordinate the activities of the
robot, welding equipment, sensors and operator interface. The NEATER robot is the
articulated manipulator fielding all the welding and sensory equipment. The stereo vision
locating system allows the robot to find the MPC within its work volume and thus orient
all movement on the MPC. Location must be done each time the robot is moved, such as
during inner and outer lid installations when the robot is rotated away from the head of the
MPC. Each of the tools necessary for the above operations are listed together with a cost
estimate. The welding system was originally quoted by PAR for use with a gantry robot to
weld MPCs in an MRS environment. However, Dimetrics has verbally quoted $70K for
a track welding system large enough to weld barrels. If such a system is adequate, the cost
would be reduced potentially by half for this item.

The total capital cost for a robotic closure and welding system is approximately $647 K.
The estimated cost for a remote automated welder such as those currently in use at Duke
Power Company's Oconee plant and at Baltimore Gas and Electric Company's Calvert
Cliffs plant is $350 K. However, this welder is only capable of making the inner and outer
lid welds, where robots are capable of additional dose-saving tasks.
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Table 2.2

MPC Closure And Welding Equipment And Cost Estimation

ﬁ;m Est. Unit Cost | Quantity Cost Source Totals
Supervisory control
Support computing system $17,400 i $17,400
VxWorks real-time operating system $22,400 H $22,400
SiliconGraphics workstation $45,00C 1 $45,000 | SiliconGraphics
IGRIP graphical programming software $60,000 1 $60,000 {Deneb Robotics
Auxiliary workstation $15,000 1 $15,000 {Sun
Supervisory Subtotal $159,800
NEATER 760 Radiation Telerant Robot ' $226,437 1 $220,437 | AEA Technologies
NEATER 761/2 N robot arm
Interconects and radiation tolerant adapter box
Srake release box
CS3 VAL controller, VAL 1T control, VO module
Teach pendant
Disk and manual set
Industrial VDT with integral disk drive
NEATER Robot Subtotal $220,437
Stereo vision locating system
Cohu 6412 cameras $1,545 2 $3,090 |Scientific Systems
25 mm lenses $200 2 $400 |Scieatific Systems
VME rack, Force back plane, power 20 $4,990 1 $4.990 |1 M Systems
CPU-30 $4,990 1 $4,990 ]I M Systems
Framestore board $3,750 1 $3,750 |DATACUBE
Digimax board $2.250 1 $2,250 |DATACUBE
VFIR MKII board $7.800 1 $7.800 | DATACUBE
Max SP board $1,450 1 $1,450 | DATACUBE
SNAP board $3,000 1 $3.000 |DATACUBE
Featuremax _board $3,000 1 $3,000 | DATACUBE
Stereo vision locating system Subtotal $34,720
Tools
Gripper s $2,000 1 $2,000
Port couplings $4,000 2 $8,000
Dye applicator (NDE) $10,000 1 $10,000
Dye remover (NDE) $10,000 1 $10,000
Dye developer (NDE) $10,000 [ $10,000
Grinder $5.000 1 $5,000
Port cover holder $500 1 $500
Tool rack_ $500 4 $2,000
Tools Subtotal $47,500
MPC Robatic Welding: Simulaton i1 August 15, 1994

and Benefit-Cost Analysis Report




‘o’

Table 2.2 cont.’
MPC Closure And Welding Equipment And Cost Estimation

Mounting Frame

$30.000

Cask mounting fing

Robot mounting plate

Robot mounting plate support frame

Trunnion clamps

Welding system $155,000 1 $155,000 |PAR Systems

Automatic Process Control

APC computer, board and software

Current sensors

Welding equipment

Power supply

Welding controller

Wire feed and dispenser

Cabling and hose package

Torch (MIG)

Cable and hose termination block

Flow switches and controls

Welding equipment brackets

Miscellancous welding supplies
Services

Design

Test

Documentation

Installation supervision (160 hrs)

Software engineerin

Welding system subtotal

$155,000

MPC Site Welding Total

$647.457

Simulated operations do not include a tip cleaning operation, nor does the list of equipment
include a tip cleaning station. Discussions with Dimetrics indicate an absolute need for this

procedure and support equipment. Cost figures are not available at this writing, but are
expected to fit into the estimated welding system subtotal presented in Table 2.2.
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3.0 Economic Analysis Method

The economic analysis method used to compare the robotic and manual handling methods
is a Benefit-Cost Analysis using net present value and related outcome measures as defined

by the Office of Management and Budget (OMB)!0. All of the known cost drivers

required over the life of the project are included in the analysis. Cost drivers consist of the
labor, dose, investment, maintenance, and energy costs for the required operations on the
MPC. Driver estimates are listed in Table 3.1 as the basic assumptions to determine
whether automation is economically advantageous.

Table 3.1

Assumption Manual Method Robotic Method
Project Life (Years) 13 13
Annual Labor Cost (Operator) $150.000
NL Operator $75,000 $75,000
Welder $75,000 $75.000
QA Welder $75,000 $75,000
Annual Dose Limit 1 1
Dose Cost per Rem $10,000 $10,000
Discount Rate 3.00% 3.00%
Investment Cost/Unit $350,000 $647.457
Development Costs $5,000,000
Robot Maintenance Cost $5,000 $35,000
Computer Maintepance Cost $0 $3,600
Software Maintenance Cost $0 $9,000
Down Time (%) 0.00% 5.00%
Automated Welding Units S S
Energy Cost per KWH $0.08 $0.08
Energy Requirement (kW) 0 10
Weld MPC-125:
Operator dose (mrem/MPC) 193.9 734
Welder dose (mrem/MPC) 696.6 0
QA welder dose (mrem/MPQ 146.6 0
Weld MPC-75:
Operator dose (mrem/MPC) 193.9 73.4
Welder dose (mrem/MPC) 696.6 0
QA welder dose (mrem/MPC 146.6 0

Cost Driver Estimates for MPC Closure and Welding Operations

Project life is assumed to be 13 years based on partial MPC loading schedules provided by

TESSIL

Labor cost is the value required for each operator per year. Manual operator rates were
provided by TESS!2, and are based on the lower ranges of $35,000 to $50,000 per year
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times an overhead factor of 2.15 for operators and $35,000 to $40,000 per year times an
overhead factor of 2.15 for welders. Robotic operators are assumed to have a higher cost
than radiation workers and are assumed for this analysis to be a1 the high end,
approximately $70.000 times the same overhead factor .

The minimum number of individuals required to carry out operations manually for three
shifts is six non-licensed (NL) operatois, three qualified weiders and one QA welder for
inspection purposes. In the event robotic machinery is down this minimum crew must be
on hand to continue process flow. Once an operator reaches the dose :imit for the year, 2
replacement operator will be required to resume operation. Therefore, more than the

. minimum number of operators may be required for that particular year.

Radiation dose is a major driver in the cost analysis. As described above, the number of
operators required depends upon how many operators reach the annual dose limit. The
current regulatory limit is 5 rem/year. However, DOE has set 2 design goal of 1 rem/year,
and lower if possible following the As Low As Reasonably Achievable (ALARA)
philosophy. A dose limit of 1 person-rem/year is assumed fe- consistency with DOE
policy. Dose rates are estimated on an MPC basis. Manual dose rates for the 125 ton
MPC were determined by TESS!, and were assumed the same for the 75 ton MPC.
Manual operator dose rates in Table 3.1 represent combined razes for all operators. Dose
rates for the robotic case are assumed for robotic equipment deployment and based on
MPC lid installation rates. Doses imparted during robot down-time are not normal
operations and therefore not listed in Table 3.1, however they are considered in the
personnel requirement in Table 4.4. Annual and total doses are then found by multiplying
the rate and throughput for each MPC. A cost of $10,000 is applied to each rem imparted
to each operator based on the range of industrial values and current TESS practice.

The discount rate of 3% is the nominal discount rate used by TESS to bring all dollars to
the present value for comparative purposes.

The investment cost is the capital investment required to implement each handling method,
such as buying robotic and computing equipment. The investment values above represent
one MPC robotic welding unit. The cost of a remote welding rig for manual handling
similar to those used by Duke Power Company and by Baltimore Gas and Electric, quoted
by PCI Services, is compared in Table 3.1 to automated handling capital costs of robotic
equipment, Sensors, supervisory computers and tools. Five units were assumed sufficient
to service all MPC-loading utilities in a given year.

Development costs are estimated at $5 Million, including prototype equipment
procurement, system integration and refinemeat, and demonstrations for all operations.

Maintenance cost is the amount required for a maintenance per year for each method.
Here, $20,000 reflects an estimated annual maintenance contract with AEA Technologies
for each robotic machine. Though maintenance contracts have been issued!3 to British
Nuclear Fuels Limited for approximately $6,000, demand for immediate response will
likely raise the contract price. An additional $15,000 is added for maintenance contracts on
computer hardware and software.
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The down time is the expected maintenance and repair time associated with robotic
machinery. Since industrial evidence indicates availability of 95% !4, a down time of 5%
was chosen.

An energy cost is also assigned for machine operation based oa "Monthly Energy
Review."1S This value is used to determine the energy cost per year by multiplying the
power cost times the total power required for each year. Energy requirements represent a
difference between manual and robotic methods, ignoring the power required to drive the
manual welding machine servo motors.

4.0 MRS/MPC Cost-Benefit Results: Robotic versus Manual Operations

Using the process and cost drivers described above, total cost, differential cost and cost per
rem are.c2lculated for comparative purposes. Tab:es 4.1 through 4.3 examine the manual
MPC closure and welding case for operations described above. Table 4.1 describes the
expected annual occupational dose to each of the three classes of workers. Table 4.2
determines the number and cost of labor for each of the worker classifications, and Table
4.3 lists expected costs for the manual method. Tables 4.4 through 4.6 repeat the process
for the robotic MPC closure and welding metbod. Table 4.7 examines various economic
parameters, concluding with the “pay-back" period expected for the 5-unit robotic scenario.

Table 4.1
Annual Dose Using Manual MPC Closure and Welding Methods
Year | Loadings of:| Loadings of:| Total Dose to Personnel
MPC MPC | MPCs Operators Welderf QA Welderd Total
125 75 (rem) (rem) (rem) | (rem)
1998 48 22 70 13.6 48.8 103 72.6
1999 50 63 113 21.9 78.7 16.6 117.2
2000 84 53 137 26.6 95.4 20.1 142.1
2001 75 69 144 219 100.3 21.1 149.3
2002 85 43 128 24.8 89.2 18.8 1327
2003 86 56 142 27.5 98.9 20.8 1473
2004 94 22 116 22.5 80.8 17.0 120.3
2005 85 48 133 25.8 92.6 19.5 1379
2006 107 20 127 24.6 88.5 18.6 131.7
2007 87 37 124 24.0 86.4 182 128.6
2008 101 39 140 21.1 97.5 20.5 145.2
2009 90 36 126 244 87.8 18.5 130.7
2010 147 40 187 36.3 1303 27.4 1939
Totals 1139 548 1687 327.1 11752 2473 1749.6

The MPC loading values in Table 4.1 were provided by TESSS and represent the currently
anticipated fuel loading schedule. Radiation doses per MPC from Table 3.1 are multiplied
by the number of MPC loadings to determine the dose imparted to each worker
classification, then summed for an annual total dose.
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| Ia Table 4.2, the required personnel and labor costs are determined by the maximum of the
following. '
1. For each of three shifts and each welding unit, 2 minimum of two non-licensed
operators and one qualified welder is required, totaling six and three, respectively.
A minimum of one QA welder per welding unit is required. Itis assumed that the
QA welder can be scheduled to inspect each weld when it is complete. Thus, with
the number of units at five, a minimum of 30 operators, 15 welders and 5QA
welders would be expected.
s If the radiation dose imparted reaches the DOE dose limit, a rotation of workers
is required. The relatively high dose rates for welders and QA welders result in
higher nurabers of tisse individuals.
Table 4.2
Annual Labor Cost Using Manual MPC Closure and Welding Methods
Year Required Personnel Labor Cost
Operators | Welders QA Qperators Welders QA Total
‘Welders Welders
1998 30 49 il $2,250,000 | $3.675,000 | $825,000 $6,750,000
1999 30 79 17 $2.250,000 | $5.925,000 |$1.275,000 $9,450,000
‘g’ 2000 30 96 21 $2.250,000 | $7.200,000 |$1,575,000 $11,025,000
2001 30 101 22 $2,250,000 | $7,575,000 $1,650,000_| $11,475,000
2002 30 90 19 $2.250,000 | $6,750,000 | $1,425,000 $10,425,000
2003 30 99 21 $2.250,000 | $7.425,000 | $1,575,000 $11,250,000
2004 30 81 18 $2.250,000 | $6.075,000 | $1.350,000 $9,675,000
2005 30 93 20 $2,250,000 | $6.975.000 | $1,500,000 $10,725,000
2006 30 89 19 $2.250,000 | $6.675,000 | $1,425.000 $10,350,000
2007 30 87 19 $2.250,000 | $6.525,000 }$1.425,000 $10,200,000
2008 30 98 21 $2.250,000 | $7.350.000 |$1.575,000 $11,175,000
2009 30 88 19 $2.250,000 | $6.600,000 |$1.425,000 $10,275,000
2010 37 131 28 $2.775,000 | $9,825.000 | $2,100,000 $14,700,000
Annual labor costs are determined by multiplying the labor rates listed in Table 3.1 by the
number of workers determined in Table 4.2, and summing the threc products. It is
assumed that each worker is paid full annual salary, whether or not the individual’s
radiation dose limit has been reached.
Y-’
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Table 4.3
Annual List of Costs Using Manual MPC Closure and Welding Methods

| Year Labor Dose | Energy Maintenance] Investment Total Discount Factor] Discounted
Cost Cost Cost Cost Cost Cost Cost
0 $1,750,000 $1,750.000 1] $1,750.000
1 $6,750.000 $725.970 $0 $25,000 0] $7.500.970 0.9853] $7,390.925
2 $9,450,000 | $1,171,923 $0 $25,000 0] $10.646.923 0.9566] $10,185.170
3 $11,025,000 | $1,420.827 $0 $25.000 0] $12,47C_%827 0.9288| $11.582.497
4 $11.475000 | $1.493.424 $0 | $25.000 0] $12.993 424 09017} $11.716.377 |
5 $10,425.000 | $1.327,488 $0 $25.000 O} $11.777.488 0.8755] $10,310.629
6 $11,250,000 | $1.472,682 $0 $25,000 |- 0] $12,747.682 0.8500f $10,834.939 {._
7 $9,675,000 | $1,203.036 $0 $25,000 0f $10.903.036 0.8252] $8.9972.161
8 $10.725.000 | $1.379.343 $0 $25.000 0] $12.126.343 08012} $9.717.579 |
9 $10,350,000 | $1.317,117 $0 $25.000 0f $11,692.117 0.77781 __$9.054.456
10 | $10,200,000 | $1,286.004 $0 $25.000 O] $11,511.004 ¢ - 0.7552] $8,692.798
11 $11,175,000 § $1,451,940 $0 $25.000 0] $12.65!.540 0.7332] $9,276,118
12 | $10,275,000 { $1,306,746 S0 $25.000 0| $11.606.746 0.7118] $8.261.947
13 $14.700.000 | $1.939.377 $0 $25,000 0] $16.664 377 0.6911] $11.516.586 |
{Totals ] $137,475,000 $17.495.877 0 | $325.000 131,750,000 }$157.045.877 $129,327.183 |

Table 4.3 lists the costs associated with manual MPC closure and welding operations.
Labor costs are drawn directly from Table 4.2. Dose costs are determined by the product
of the total annual dose imparted (Table 4.1) and the cost per person-rem in Table 3.1.
Energy costs are assumed to be negligible since the same welding power supply is
expected for both the remote manual and robotic welding units. Annual maintenance
contracts for each of the welding units results in the maintenance figures. Investment costs
are unit cost times the number of units drawn from Table 3.1. These costs are summed for
total cost, and discounted according to the OMB procedure referenced in Section 3 to
determine an annual present value cost.

Annual doses imparted using robotic MPC closure and welding methods are listed in Table
4.4. Doses are determined in a similar manner to those in Table 4.1, with the exception
that only 12% of the dose found in Table 4.1 is imparted. This is due to the absence of
workers in the MPC vicinity except during installation and during the 5% down time of the
robotic machines. It is assumed that the workers manually execute operations during such
down time. However, it is unlikely that the welders would personally weld the MPCs due
to the high radiation dose rates involved. Either the robotic machinery would be repaired
and robotic welding continued, or a remote manual unit could be installed. Costs for the

latter case have not been considered in this apalysis.
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Table 4.4
Annual Dose Using Robotic MPC Closure and Welding Methods

Yecar |Loadings of: |Loadings of: Total Dose to Personnel
MPC MPC Robot Operators Operators Welders |QA Welders] Total
125 75 {rem) (rem) (rem) (rem) (rem
1998 48 22 70 0 58 24 05 8.8
1999 S0 63 113 0 94 3.9 0.8 142
2000 84 53 137 0 114 4.8 1.0 17.2
2001 75" 69 144 0 12.0 5.0 1.1 18.0
2002 85 43 128 0 10.6 4.5 09 16.0
2003 86 56 142 0 11.8 49 1.0 17.8
2004 94 2 116 0 96 40 09 14.5
2005 85 48 133 0 11.1 4.6 1.0 16.7
2006 107 20 127 0 10.6 44 09 159
2007 87 37 124 0 10.3 43 0.9 155
2008 101 39 140 0 11.6 4.9 1.0 17.5
2009 90 36 126 0 10.5 44 0.9 15.8
2010 147 40 187 0 15.5 6.5 1.4 23.4
Totals 1139 . 548 1687 0 140.2 58.8 124 211.3
Table 4.5
Annual Labor Cost Using Robotic MPC Closure and Welding Methods
Year Required Personnel Costs
Operators{ Welders QA | Robot Operators Operators Welders QA Robot Operators Total
(Welders Welders
1998 30 15 5 15 $2.250,000 151,125,000 $375.000 $2.250,000 | $6.000,000
1999 30 15 5 15 $2.250.000 | $1,125,000 $375,000 $2.250,000 | $6.000,000 |
2000 30 15 S 1S $2.250,000 }$1,125,000 $375.000 $2.250,000 | $6,000,000
2001 30 15 S 15 $2.250.000 |$1,125.000 $375.000 $2.250,000 | $6,000.000
2002 | 30 15 5 15 $2.250.000 |$1,125.000 | $375.000 $2,250,000 | $6,000.000 |
2003 30 15 5 15 $2,250.000 | $1,125,000 $,000 $2,250,000
2004 30 15 5 15 $2.250,000 |$1,125,000 $375.000 $2,250,000 | $6,000,000
2005 30 15 5 15 $2.250,000 |$1,125.000 $375.000 $2.250,000 | $6.000.000
2006 30 15 ) 15 250,000 §$1,125,000 $375,000 $2 250,000 000,000
30 15 s 15 250,000 181 125,000 | $375.000 1 $2:250,000 | $6.000,000
2008 30 15 5 15 $2.250,000 151,125,000 $375.000 $2.250,000 | $6.000.000
2009 30 15 5 15 $2.250,000 |$1,125.000 $375,000 $2.250,000 | $6.000.000
2010 30 15 b 15 $2.250.000 }$1,125,000 $375,000 $2.250,000 ] _$6,000,000

Table 4.5 lists the expected annual labor costs for robotic MPC closure and welding
operations. The required workers are the minimum described under Table 4.2, due to the
low doses imparted during robotic operations. Labor costs are therefore driven by
minimum crew needs and not by radiation doses and limits.
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Table 4.6

Annual List of Costs Using Robotic MPC Closure and Welding Methods

Year Labor Dose Encrgy Maintenance ¢ [nvestment Total Discount Factor{ Discounted
Cost___ Cost Cost___ _Cost Cost Cost Cost

0 $8,237,287 $8,237,287 1]  $8,237,287
1 $6.000,000 $87.679 $60.800 $187,600 0] $6.336.079 098531 $6,243,124
2 $6.000.000 | $141,538 $60,800 $187.600 0] $6.589.938 0.956Cs $6,112.802
3 $6.000,000 | $171,599 | __$60,800 $187,600 0] $6419999 092881 $5962,686 ]
4 $6.000.000 | $180.367 $60,800 $187.600 0} $6.428767 09017} 35796921
S $6.000,000 § $160,326 $60.800 $187.660 0] $6.408,726 0.8755% $5,610,534
6 $6.000,000 | $177.862 $60,800 $187.600 0} $6,426,262 0.8500{ $5,462,025
7 $6.000,000 | $145,296 $60,800 $187,600 0] $6.393.696 0.8252] $5,276,063
8 $6.000 000 | $156.589 $50,800 387,600 01 $6.414,939 0.8012) $5,139.451
9 $6.000,000 | $159,074 $60,800 $187,600 0} _ $5.407,474 0.7778§ $4,983913
10 S6.000,000 | $155.316 $60,800 $187.600 of $6403716 0.7552] $4.835913
11 $6.000,000 | $175357 $60.800 $187,600 ] $6,423,757 0.7332] $4,709,754
12 $6.000.000 § $157.821 $60,800 $187.600 0} $6.406.221 0.7118] $4,560,095
13 $6.000,000 | $234.227 $60.800 $187.600 0] 36,482,627 0.6911} $4,480,079

Totals | $78.000,000 §$2.113.052 | $790,400 | $2,438.800 | $8.237.287 | $83.342.252 $69,173,367

Annual costs for the robotic method are listed in Table 4.6. Labor costs are drawn directly
from Table 4.5. Dose costs are determined by the product of the total annual dose
imparted (Table 4.4) and the cost per person-rem in Table 3.1. Energy costs are calculated
by multiplying the robot power requirement and kilowatt charge listed in Table 3.1, and
16,000 hours of annual operation. This represents three shifts of 2000 hours at 10kW
(60,000 kW-h) for the robot itself, and an additional 100,000 kW-h for computer and
sensor operations. Also drawn from Table 3.1 are investment costs and annual
maintenance contracts for each of the welding units resulting in the maintenance figures.
These costs are summed for total cost, and discounted according to the OMB procedure
referenced in Section 3 to determine an annual present value cost.

Table 4.7 provides cost comp
successive year of information

arative numbers as outlined by the OMB. For each

and subtracted to find differential costs between manual and robotic MPC closure and
welding methods. In this case, the differential costs represeat a significant annual savings
by using robotic methods. Results are shown in graphical form in Figure 4.1.
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Table 4.7
Differential Cost For Manual And Robotic Methods
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Year] Annual Costs | Annual Costs Differential | Discount | Discounted Cumulative | [nvestment/ | Cumulative
Manual_Mcthod [Robotic McthodI Costs Factor | Differential | Differential Differential_| Amortization|

1 $7.500.970 $6.936.079 | 1,164,892 | 09853] $1.147.802 | 81,147,802 5.65192271 1.00

2 | $10.646923 $6.389.938 | $4.256.985 | _09566] $4.072.361 } $5.220.163 1.24273646 200

3_| $12470.827 6410999 |_$6,050828 | 09288] $5.619.811 § $10839,974 0.59845961 212

4 | $12993424 $6.428.767 | $6.564.657 | 09017] $5.919.455 $16,755.429 | 0.38708279 .00

s | $11,777.488 $6.408.726 | $5.368,162 | _08755| $4.700.095 } $21.459.524 0.30230338 0.00

6 | $12,747,682 $6.426.262 | $6.321,420 | 085001 $5.372914 | $263832438 0.24177030 0.00

7 | $10903.036 $6.303.696 | $4.500.340 | 08252| $3.721,007 } $30.553,533 0.21232523 0.00

8 | 512,129,343 $6.414089 | $5.714354 | 08012 $4.578.128 } §35,131,663 0.18465640 000

9 | $11,692.117 $6.407.474 | 85284643 |  0.7778] $4.110,544 1 $39.242.20] 0.16531401 000

10 | $11.511,004 $6.403716 | $5.107.288 | 0.7552 $3.856.885 | $43.009,092 0.15052026 0.00

i1 | $12,651.940 $6.423.757 | $6.228.183 | 0.7332] $4.566,364 | $47.663.436 0.13610038 0.00

12 | $11.606746 $6.406 221 | $5200,525 | 07118] $3701852 } $51,367.308 0.12629213 0.00

13 | $16.664.377 $6.482.627 | 510,181,750 | 0.6911] $7.036.507 | $58.403.813 0.11107642 000
To bring the differential costs into present value (1994) dollars, a discount factor is
calculated and multiplied by the differential cost to determine the discounted differential.
The discount factor (DF) is calculated using the following equation:

DF = (1+Discount rate)-(0.5+Previous year)
For example,
DF; = 1.03 05 = 0.9853
DF, = 1.03 1.5 = 0.9566

The cumulative differential is thea tracked through each year of operation, resulting in an
operational cost savings of $52 Million in 1994 Dollars at the end of year 13, or the year
2010. Note that the differential cost and the discounted differential cost does not include
the investment costs required for each method.
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Figure 4.1 Economic Analysis Results: Robotic versus Manual MPC
Welding and Closure Operations

Table 4.8 summarizes the comparison results. Total savings using the robotic method is
determined by subtracting the investment differential from the cumulative differential,
resulting in over $52 Million in savings over the manual method.

Table 4.8
Summary of Automated MPC Closure/Welding Operations
Cost/Benefit Analysis
Total Cost for Manual Method $157,045,877
Total Cost for Robotic Method $91,579,538
Discounted Cost for Manual Method $129,327,183
Discounted Cost for Robotic Method $77,410,654
Differential Cost Manual to Robotic $71,953,625
Discounted Differential Cost Manual to Robotic $58,403,815
Differential Investment Cost $6,487,287
Total Cost (Savings) for the Project Life (851,916,529)
Amortization (Years) 2.12
Dose Savings for the Project Life (rem) 1538.28
Cost (Savings) per Rem for the Project Life ($33,750)

The amortization is the time in years required to "pay back" the investment based on the
annual discounted savings. To determine the amortization, he difference in total capital
investment between manual and robotic equipment is divided by the cumulative differeniial
operating costs (Investment/Differential column). The total difference in investment cost is
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the difference between the robotic and manual welding equipment times the number of
units, all shown in Table 3.1. The result in this analysis is a payback in 2.12 years, ot
within approximately 25.5 months of operation.

Total lifetime dose savings for the robotic operations considered is approximately 1538
person-rem.

An additional figure of merit by which to judge the workeell potential for automation is the
cost or savings per rem eliminated. This number is recommended by the International
Commission oa Radiation Protection to determine whether a radiation protection measure
is economically feasible. Dividing the lifetime operational dose savings by the lifetime
total cost yields a savings of $33,750 per person-rem.

5.0 Discussion

This effort presents a workable robotic solution to MPC closure and welding operations.
However, the simulation basis is not optimized and several zdditional points should be
addressed about the analysis and its assumptions.

First, using a dexterous robotic manipulator to execute the examined operations yields an
opportunity to automate still more operations, saving the associated doses. Some of the
possibilities are enumerated in Table 5.1. Table 5.1 indicates elimination of nearly 293
additional person-rem per MPC may be possible using the robotic manipulator for the
operations listed.

Secondly, several questions arise about the use of the NEATER robot. First, it is not clear
at this writing that the radiation tolerant NEATER robot is required to perform the
necessary operations. A survey of parts of its industrial PUMA counterpart should be
conducted to determine if the PUMA could perform the required MPC tasks satisfactorily.
If so, the cost of the robot could be cut by 50%, or about $100,000 each.

The second question, regarding mounting the NEATER, is potentially more serious
regarding the simulation executed for this effort. Although initial inquiries into the
horizontal mounting of a NEATER such that the work volume suited the MPC head
operations yielded no concerns, later simulation demonstrations and discussions with AEA
Technology representatives resulted in a concern about performance of the bearings in joint
number 1, which is the waist bearing. This bearing is designed for mounting of the robot
in a vertical or inverted position. Mounting of the NEATER in a horizontal position as
required for sufficient reach, shown in Figure 2.3, may result in reduced performance and
payload capacity, both undesirable results that may hinder execution of many robotic
closure and welding operations.
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Table 5.1
Possible Additional Robotic Operations

Potential Added Operations Manual Time | Manual Dose
Estimate Estimate
(minutes) | (person-mrem)
Remove annlus seal 12
Qperator 269
Qperator 269
Check for contamination 30
Rad Protection 99
Rad Protection 99
Install annulus welding protection 12
QOperator 269
Qperator 269
Remove annulus welding protection 12
QOperator 14.7
QOperator 147
Perform HP survey 45
Rad Protection 19.7
Rad Protection 19.7
Secure cask bolted lid 30
Operator 485
QOperator 485
TOTAL Additional Potential 141 292.7

Discussions with TESS have also included concerns about mounting a robot on the floor
of a fuel handling building by anchoring into the floor. Possible solutions include a gantry-
type mounting, where the robot is suspended in an inverted position over the MPC,
whether the MPC is in a decontamination pit or in sitting on the fuel handling building
floor. This would solve the joint 1 bearing difficulties in the NEATER, but it is not clear
that in this orientation the NEATER would have sufficient reach to execute full-circle
welding operations. A second possibility is to mount the robot directly over the MPC on a
frame that attaches to the cask itself. The cost estimate includes this possibility.

Other radiation tolerant robot manipulators are commercially available that may satisfy the
welding requirements. Two alternative robots are supplied by AEA Technology: The
NEATER 660 ($210,000) and the NEATER 860 ($270,000). Both have sufficient work
volume to perform MPC operations, both have improved payload capacity over the
NEATER 760 series examined here, and both can be mounted in any orientation. Neither
has an industrial-grade (non-radiation-hardened) counterpart, and neither has been tested in
a welding environment nor using the SNL control systems. Schilling Development, Inc.,
offers HELIOS ($295,000), a radiation tolerant, electric robot alternative. It also has
superior reach and payload capacity, and can be mounted in any orientation. HELIOS has
not been tested in a welding application, but Schilling is familiar with the SNL approach to
control systems and offers the ability to link to current systems.
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A third general question regarding the simulation is the performance of NDE on the MPC
welds. As mentioned in Section 2, the expected means of NDE is a three-step dye
penetrant examination. First, if dye penetrant methods are used, other possibilities such as
a two-step procedure may be desirable, reducing the number of steps and tools required to
execute the operation. Such a procedure may also reduce the time required to execute the
examination manually and reduce the number of QA welders required annually, and thus

the associated labor costs.

Second, an NDE concern was raised by TESS that the simulated spray tooling may
adversely impact the dye penetrant by inadvertently blowing the dye from the very cracks

" and crevasses the test is intended to detect. While non-contact operations may be

preferable to contact operations for compliance and positional error reasons, contact is
routinel; made under sensory control and daub/roil-on tools for appiying and removing
excess dye and developers can be assumed. Such tools are likely as simple as the spray
tools and approximately the same size. Thus, the simulation, though showing non-contact
weld NDE, is valid for contact tools.

The third NDE question is that of possible alternatives to dye penetrant tests.
Autoradiography, with sufficient columnation, filtering and shielding, may be a viable,
non-contact alternative. Using autoradiography, it may be possible for sensors to image
the welds in real-time, and more quickly than dye penetrant testing. Depending on ultimate
inspection requirements, this or other aiternatives may be used to detect sub-surface cracks
and voids in MPC welds.

A fourth general question for discussion is the choice of assumptions and their impacts.
Changing dose limits to 5 person-rem/year in Table 3.1 results in a 13-year cost of
approximately $43.5 Million to implement robotic welding. This equates to a cost of
approximately $28,000 per person-rem. However, as suggested above, it is assumed that
DOE design goals are maintained and a 1 person-rem/year limit is imposed on a DOE-
designed system, and that the5 person-rem/year limit is not applicable.

It is possible that the welders could be used in the robotic handling case as the robotic
operators. This is the case for operation of the current remote welding machines, and
would eliminate the need for the robot operator position. Changing the welder's labor rate
to the equivalent of the robot operators results in a 13-year savings of approximately $64.1
Million, or a savings of $41,643 per person-rem. .

In this ‘analysis it is assumed that the crew members'were paid annual salary charged to
MPC loading whether individuals have reached the dose limits or not. Another approach
would be to assign labor costs to MPC loading only for those hours specific to the skills
required. Assuminga 1-week turn-around per MPC and that all crew members are needed
during that week, a 13-year cost savings of $1.7 Million could be realized, or a savings of
$1,117 per person-rem. This savings is independent of dose rate. However, these
assumptions constitute rotation of crews, which is counter to DOE design guidelines.
Further, it is reasonable to assume full-time crews traveling with each weldiag unit,
particularly welders and robotic operators, who require special training. Such an
arrangement could not be accomplished by paying partial salaries.
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A final general point of discussion is the choice of five welding units to serve the utilities
loading MPCs each year. Current loading schedules will result in 19 sites loading MPCs
in 1998, 24 sites in 1999, 11 sites in 2000, 9 sites in 2001, 5 sites in 2002, and 7 sites in
2003. This schedule is subject to change based on utility and DOE action, and is therefore
a relatively unreliable basis for choice of welding unit copies. Itis assumed that the
welding units are portable and can serve three to five sites each year. It is further assumed
that satisfactory utility site scheduling can be achieved to make this possible. A basis of 5
units was therefore chosen for cost analysis purposes, but since this choice impacts the
final economic numbers, further clarification of unit needs should be undertaken.

6.0 Conclusions and Recommendations

The results of this analysis present a compelling case for choosing the robotic method over
the baseline manua! methiods for MPC closure and welding operations. The usc of robots
to execute these operations offers a unique win-win opportunity, simultaneously saving
1538 person-rem and $52 Million over a 13-year operational period, as compared to the
manual method.

This savings can be accomplished with the potential to more than double the manual
through-put rates, matching the manual rates at a minimum. Further, additional MPC
operations may be possible using the robotic machinery and controls, and the operational
lifetime may be significantly extended, reducing additional radiation dose, through-put time
and costs.

Such results are highly consistent with the ALARA philosophy of reducing radiation doses
"as low as reasonably achievable," since savings in both dose and costs, while maintaining
or improving through-put must be considered reasonable.

These results should be compared to other operational alternatives, such as manual
operations using movable shielding and long-handled tools. However, such alternatives
generally do not improve through-put, nor do they reduce radiation doses as significantly
as removal of the operator from the radiation field. However, personnel requirements may
be reduced, resulting in lower labor costs than the baseline manual method, and equipment
requirements may be reduced with respect to the robotic method, resuiting in lower capital

costs.

Pursuit of the robotic method holds low risk from the economic and technical standpoint.
Most of the operations have been demonstrated individually, simulations indicate high-
success probability, and the potential savings of $52 Million is significant. Even should
the entire $52 Million be used to cover cost increases, cost of additional units and
demonstration work, essentially free person-rem savings would remain "reasonable" from
the ALARA standpoint.

Therefore, if no preferable alternative is found, robotic closure and welding operations
should be pursued and demonstrated for application at commercial reactor sites, as well as
any other sites where MPCs are loaded.
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ALARA Benefits of an MPC Robotic Welding System

By Robert G. Eble, Jr. & Joseph B. Stringer,
Duke Engineering & Services, Inc.

Summary

The potential occupational exposure savings for a robotic welding system for the MPC system
as described in the Sandia Report (ref. 1) could be as much as 900 mili-person-Rem (mpR)
for a single MPC loaded to a storage system or to a transportation cask. For the entire DOE
MPC system this could reduce the at-reactor exposure by as much as 9,600 person-Rem for
the full 86,000 metric tons of projected commercial spent fuel inventory over a 33 year time
period. The system may also be applied to other canister welding operations and to the
waste package closure operations at the MGDS. It is also projected to decrease the time to
perform welding operations and to utilize far fewer qualified welders and operating personnel.
This reduction in occupational exposure would reduce the at-reactor portion of the MPC
system exposure to a value less than that for the reference system. (See Table 3-1 in the
Health and Safety report, reference 2)

Current Reference System

The current occupational exposure estimates for the reference MPC system assume the use of
the semi-automated welding system utilized in current at-reactor dry storage systems with
welded closures. Welding operations include the following operations:

* Temporary radiation protection shielding installation,

Welding equipment set-up,

Inner and outer lid welding,

Non-destructive examination (NDE) preparation (weld slag grinding),
NDE including dye penetrant and helium leak tests,

Weld repairs,

Equipment and shielding removal.

[ ] [ 2 * * . [

These activities associated with canister closure operations account for approximately 50% of
at-reactor dry storage occupational exposures.
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Robotic System

The use of a fully automated robotic arm with the appropriate computer controlled
supervision as shown in figure 1 from the Sandia National Lab report could substantially
reduce at-reactor occupational exposures. The robotic system uses a commercially available
robotic arm with the appropriate degrees of freedom and work area for the MPC lid welding
operations. The system is furnished with the appropriate end-effectors necessary to perform
the functions for all welding operations as described above. The computer control system
developed at Sandia National Labs is designed to support fully automated or fully manual
operations. That is, a qualified welder and weld inspector may need only to view via a
CCTYV the operations performed by the robot and interrupt action if necessary or the welder
may take total control of the system at any time to fully control the robot and end-effector.
The integration of the robotic arm and the computer controlled system for these welding
operations is unique for this type of application.

Figure 1
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An additional advantage of this robotic welding system is its ability to provide support for
other operations. The flexibility of the system allows for the capability to perform NDE,
remove a poor quality weld and re-weld over a small area needing repair. The inherent
dexterity of the system also allows for welding in corners and tight curved spaces as in the
area around the canister drain and vent ports or for the valve covers. These are areas where
welding is currently performed manually and are responsible for a large percentage of the
normal operating exposures.

ALARA Justification

The estimated cost of the system is $5 million for development and demonstration of the
system and $650K for each system. This is compared to about $350K for the existing semi-
automated system. Engineering development includes design of the welding equipment and
other end-effectors to be integral to the robotic arm and the design of the control system to
assure the capabilty to perform all welding operations. The demonstration includes all
welding equipment, the robotic arm , NDE equipment and a setup of the top portion of the
MPC lid and shell. A mockup of the transport cask may be necessary to demonstrate the
support system design.

The combination of the robotic arm and the computer software controls that are specialized
for the function of ASME certified welding at each purchaser site presents a unique challenge
for the system and its developers. Engineering development and system demonstration are
necessary to assure safe and reliable operation for MPC program acceptance. At $10,000 per
person-Rem saved, this system could be worth more than $3,000,000 per year in exposure
savings alone. For individual annual exposure limits of 1 person Rem, the required number of
welders and operating personnel can be reduced based on the reduced exposure. This will
result in savings of approximately $4,000,000 per year.

An additional issue is associated with the availability of sufficient qualified welders

for the current reference system. To keep individual exposures below 1 person-Rem per year
for each individual, more than 300 additional qualified welders would be necessary to
support the OCRWM MPC program at the steady state SNF acceptance rate. This impact
would significantly impact the demand and potential cost of this work group.

Other Advantages

Another potential advantage of the development of the robotic welding system is in its
application to other dry storage welded canister storage systems. The demonstration of the
principle of robotic welding could be applied to non-MPC systems as well as to the repository
operations.
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DOE Unique Opportunity

This ALARA cost justification for a robotic welding system would be difficult for any
individual utility facing dry storage needs. For instance, for a typical utility requiring two
reactor units of annual discharged SNF per year, approximately 5 storage units may be
necessary. The exposure may be as much as 10 person-Rem per year for the current
reference system. Estimated savings for a robotic welding system could save about 5 person-
Rem. At $10,000 per person-Rem savings, this is insufficient to justify the 4 to 5 million
dollars of development and capital cost of a fully automated system as proposed. However,
once the development and demonstration has been completed, the capital cost difference to
procure a robotic system ($300,000) may be justified by individual purchaser sites.
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Summary Dose Assessment

The current dose assessment (ref 3) is used to define all activities that may be impacted by
the use of the robotic welding system. A list of these operating steps for a single MPC
loading are summarized here.

L Estimated exposure associated with current semi-automated welding system

Activities Exposure
(mpR)
1. Install and remove welding equipment and temporary shielding 220

for inner lid and perform welding operation .

2. Perform inner lid NDE preparation and NDE. 100
3. Perform cover plate weld. 330
4. Install and remove weld equipment and temporary shielding 220

for the final lid.
5. Perform final lid NDT and NDT preparation. 100

Total occupational exposure from current 970
semi-automated welding operations:

II. Estimated exposure associated with the robotic welding system

1. Set up and remove welding system for the inner lid. 50
2. Set up and remove welding system for the final lid. 50
Total occupational exposure for the 100

robotic welding system operations:

Potential occupational Exposure Savings 870
Due to Robotic Welding Operations:
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Total MPC System Potential At-Reactor Exposure Savings

Assuming 900 mpR savings per canister weld operation; the total system savings for the
entire 86,000 MTU of commercial spent nuclear fuel for at-reactor operations is calculated as
follows: (see reference 2, figure Al.4)

L. The Reference MPC System Exposure Assumptions

Activities Occ. Exposure
(p-Rem)
1. Load/unload non-MPC caniaters to at-reactor storage
load:1.9 p-rem/cask * 249 casks = 484
unload: 1.8 p-Rem/cask * 249 Casks = 444

2. Load MPC’s for at-reactor storage

load: 2.0 p-Rem/cask * 4022 casks = 8012
unload to transport: 0.7 p-Rem/cask * 4022 casks = 2667

3. Load MPC'’s for transportation:

load direct: 1.7 p-Rem/cask * 4463 = 7725
load enhanced method: 2.3 p-Rem/cask * 1649 = 3845

4. Load Load truck casks for shipment:

load: 0.4 p-Rem/cask * 5755= 2486

The total reference system at-reactor
occupational exposure estimate: 25,663
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II. The Robotic Welding System Exposure

Total System Estimate

Activities

L.

Load/unload non-MPC caniaters to at-reactor storage

load:1.0 p-rem/cask * 249 casks =
unload: 0.9 p-Rem/cask * 249 Casks =

Load MPC’s for at-reactor storage

load: 1.1 p-Rem/cask * 4022 casks =
unload to transport: 0.7 p-Rem/cask * 4022 casks =

Load MPC’s for transportation:

load direct: 0.8 p-Rem/cask * 4463 =
load enhanced method: 1.4 p-Rem/cask * 1649 =

Load Load truck casks for shipment:

load: 0.4 p-Rem/cask * 5755=

The Robotic Welding System At-Reactor
Occupational Exposure Total MPC System:

The Potential Total System Exposure Savings:
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(p-Rem)

249
224

4424
2815

3570
2309

2486

16,077
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